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HYDROLOGIC EVALUATION OF LANDFILI. PERFORMANCE
HELP MODEL VERSION 3.06 {17 AUGUST 1996)
DEVELOPED BY ENVIRONMENTAL LABORATORY
USAE WATERWAYS EXPERIMENT STATION
FOR USEPA RISK REDUCTION ENGINEERING LABORATORY
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******************************************************************************
******************************************************************************

PRECIPITATION DATA FILE: G:\HELP3\@BORO.D4
TEMPERATURE DATA FILE: g:\help3\GBRORC.D7
SOLAR RADIATION DATA FILE: g:\help3\GBORO.D13
EVAPOTRANSPIRATION DATA: g:\help3\GBORO.D11
SOIL AND DESIGN DATA FILE: g:\help3\GBORO2.D10
OUTPUT DATA FILE: g:\help3\GBORO3 .OUT

TIME: 16:02 DATE: 11/ 6/1996

******************************************************************************

TITLE:

Greensboro White Street Landfill ({20° Waste, 5.75" storm)

******************************************************************************

NOTE:

INITTAL MOISTURE CONTENT OF THE LAYERS AND SNOW WATER WERE
COMPUTED AS NEARLY STEADY-STATE VALUES BY THE PROGRAM.

TYPE 1 - VERTICAL PERCOLATION LAYER
MATERIAL TEXTURE NUMBER 11

THICKNESS = 6.00  INCHES
POROSITY 0.4640 VOL/VOL

FIELD CAPACITY 0.3100 VOL/VOL
WILTING POINT 0.1870 VOL/VOL
INITIAL, SOIL WATER CONTENT 0.3485 VOL/VOL
EFFECTIVE SAT. HYD. COND. 0.633995958000E-04 CM/SEC

LI T | [ [

TYPE 1 - VERTICAL PERCOLATION LAYER
MATERIAT, TEXTURE NUMBER 18
240.00 INCHES
0.6710 VOL/VOL
0.2920 VOL/VOL
0.0770 VOL/VOL
0.3038 VOL/VOL
0.100000005000E-02 CM/SEC

THICKNESS

POROSITY

FIELD CAPACITY

WILTING POINT

INITIAL SOIL WATER CONTENT
EFFECTIVE SAT. HYD. COND.

LI VI 1 O



TYPE 1 - VERTICAL PERCOLATION LAYER
MATERIAL TEXTURE NUMBER 0
12.00 INCHES
0.4640 VOL/VOL
0.3100 VOL/VOL
0.1870 VOL/VOL
0.3710 VOL/VOL
0.195999995000E~04 CM/SEC

THICKNESS

POROSITY

FIELD CAPACITY

WILTING POINT

INITTAL SOIL WATER CONTENT
EFFECTIVE SAT, HYD. COND.

(TR I T

TYPE 2 - LATERAL DRAINAGE LAYER
MATERIAL TEXTURE NUMBER O

12.00 INCHES
0.3970 VOL/VOL
0.0320 VOL/VOL
0.0130 VOL/VOL
0.0389 VOL/VOL

THICENESS

POROSITY

FIELD CAPACITY

WILTING POINT

INITIAT, SOIL WATER CONTENT

L I [ (I

EFFECTIVE SAT. HYD. COND. 0.100000001000 CM/SEC
SLOPE 2.00 PERCENT
DRAINAGE LENGTH 250.0 FEET

LAYER &5

TYPE 4 - FLEXIBLE MEMERANE LINER
MATERTAT, TEXTURE NUMBER 36

0.06 INCHES
0.0000 VOL/VOL
0.0000 VOL/VOL
0.0000 VOL/VOL
0.0000 VOL/VOL

0.3999599993000E-12 CM/SEC
1.006 HOLES/ACRE
4.00 HOLES/ACRE

3 - GOOD

THICKNESS

POROSITY

FIELD CAPACITY

WILTING POINT

INITIAT, SOIL WATER CONTENT
EFFECTIVE SAT. HYD. COND.
FML, PINHOLE DENSITY

FML INSTALLATION DEFECTS
FML PLACEMENT QUALITY

TYPE 3 - BARRIER SOIL LINER
MATERIAL TEXTURE NUMBER 16
24.00  INCHES

0.4270 VOL/VOL

0.4180 VOL/VOL

0.3670 VOL/VOL

0.4270 VOL/VOL
0.100000001000E-06 CM/SEC

THICKNESS

POROSITY

FIELD CAPACITY

WILTING POINT

INITIAL SOIL WATER CONTENT
EFFECTIVE SAT. HYD. COND.

oo



GENERAL, DESIGN AND EVAPORATIVE ZONE DATA

NOTE: SCS RUNOFF CURVE NUMBER WAS COMPUTED FROM DEFAULT
SOTL DATA BASE USING SOIL TEXTURE #11 WITH BARE
GRCUND CONDITIONS, A SURFACE SLOPE OF 2.% AND
A SLOPE LENGTH OF 250. FEET.

SCS RUNOFF CURVE NUMBER

FRACTION OF AREA ALLOWING RUNOFF
AREA PROJECTED ON HORIZONTAIL PLANE
EVAPORATIVE ZONE DEPTH

INITIAL WATER IN EVAPORATIVE ZONE
UPPER LIMIT OF EVAPORATIVE STORAGE
LOWER LIMIT OF EVAPORATIVE STORAGE
INITIAL SNOW WATER

INTITIAT, WATER IN LAYER MATERTIALS
TOTAL INITIAL WATER

TOTAL SUBSURFACE INFLOW

94 .50
0.0 PERCENT
1.000 ACRES
9.0 INCHES
2.919% INCHES
4.797 INCHES
1.353 INCHES
0.000 INCHES

90.167 INCHES

90.167 INCHES
0.00 INCHES/YEAR

nownnwanowo

EVAPOTRANSPIRATION AND WEATHER DATA

NOTE: EVAPOTRANSPIRATION DATA WAS OBTAINED FROM
GREENSBORO NORTH CAROLINA

STATION LATITUDE 36.10 DEGREES

MAXIMUM LEAF ARER INDEX = 0.00

START OF GROWING SEASON (JULIAN DATE) = 90

END OF GROWING SEASON (JULIAN DATE) = 305
EVAPORATIVE ZONE DEPTH = 9.0 INCHES
AVERAGE ANNUAL WIND SPEED = 7.60 MPH
AVERAGE 1ST QUARTER RELATIVE HUMIDITY = 66.00 %
AVERAGE 2ND QUARTER RELATIVE HUMIDITY = 68.00 %
AVERAGE 3RD QUARTER RELATIVE HUMIDITY = 74.00 %
AVERAGE 4TH QUARTER RELATIVE HUMIDITY = 70.00 %

NOTE: PRECIPITATION DATA WAS SYNTHETICALLY GENERATED USING
COEFFICIENTS FOR GREENSBORO NORTH CAROLINA

NORMAT, MEAN MONTHLY PRECIPITATION (INCHES)

JAN/JUL ~ FEB/AUG MAR/SEP APR/OCT MAY/NOV JUN/DEC
3.51 3.37 3.88 3.16 3.37 3.93
4.27 4.19 3.64 3.18 2,59 3.38

NOTE: TEMPERATURE DATA WAS SYNTHETICALLY GENERATED USING
COEFFICIENTS FOR GREENSBORO NORTH CAROLINA

NORMAL MEAN MONTHLY TEMPERATURE (DEGREES FAHRENHEIT)

JAN/JUL FEB/LUG MAR/SEP APR/OCT MAY /NOV JUN/DEC
37.50 39.90 48.00 58.30 66.50 73.50
77.20 76.30 69.90 58.40 48.50 40.20

NOTE: SOLAR RADIATION DATA WAS SYNTHETICALLY GENERATED USING
COEFFICIENTS FOR GREENSBORO NORTH CAROLINA
AND STATION LATITUDE = 36.10 DEGREES



*******************************************************************************

MONTHLY TOTALS (IN INCHES) FOR YEAR 1

PRECIPITATION 1.44 3.88 2.04 1.20 1.91 5.186
4.38 "~ 5.28 3.89 4.33 0.00 6.42
RUNCFF 0.000 0.000 0.000 0.000 0.000 g.000
G¢.000 0.000 0.000 0.000 0.000 0.000
EVAPOTRANSFIRATION 1l.781 2.08%1 3.187 1.414 1.830 4.B72
3.511 4.385  2.438 3.138 0.740 1.078
LATERAT, DRAINAGE COLLECTED 1.8374 1.9010 0.878% 0.9691 0.2061 0.0969
FROM LAYER 4 0.0783 0.5412 0.48BB8 0.40B2 2.4411 0.4982
PERCOLATION/LEAKAGE THROUGH 0.0001 0.0001 0.0001 0.0001 0.0000 0.0000
LAYER 6 0.0000 0.0000 0.0000 ©.000C 0.0001 0.0000
MONTHLY SUMMARIES FOR DAILY HEADS (INCHES)
AVERAGE DATLY HEAD ON 1.307 1.458 0.625 0.713 0.147 0.071
TOP OF LAYER § 0.056 0.385 0.359 0.2920 1.795 0.354
S5TD. DEVIATICN OF DAILY 0.869 0.738 0.587 0.410 0.042 0.00%9
HEAD ON TOP OF LAYER 5 0.004 0.425 0.159 0.347 0.478 0.172

*******************************************************************************

*******************************************************************************

MONTHLY TOTALS (IN INCHES) FOR YEAR 2

PRECIPITATION 4.31 3.06 6.00 3.04 5.B4 7.42
‘ 3.81 1.15 7.07 1.80 1.47 4.21
RUNOFF 0.000 0.o000 0.000 0.000 ¢.000 0.ooo0

0.000 0.000 0.000 0.000 0.000 0.000

EVAPOTRANSPIRATICN 1.178 1.877 3.052 3.244 3.837 4.578
3.6789 0.742 3.455 2.130 1.228 0.723

LATERAL DRAIMNAGE COLLECTED 1.4284 2.B0O02 2.5128 2.7265 1.6737 2.1667
FROM LAVYER 4 2.7043 0.8277 0.1664 2.4129 1.3812 0.2294
DERCOLATION/LEAKAGE THROUGH 0.0001 0.0002 0.0002 0.0002 0.0001 0.0001
LAYER 6 0.0002 0.0001 0.0000 0.0001 0.0001 0.0000

AVERAGE DAILY HEAD ON 1.016 2.206 l.788 2.005 . 1.191 1.593
TOP OF LAYER 5 1.8925 0.589 0.122 1.717 1.016 0.163
STD. DEVIATICON OF DAILY 0.692 0.348 0.468 0.399 0.771 0.488
HEAD ON TOP OF LAYER 5 0.481 0.365 0.035 0.881 0.655 0.054

*******************************************************************************



*******************************************************************************

MONTHLY TOTALS (IN INCHES) FOR YEAR

PRECIPITATION 7.53
13.86
RUNOFF 0.000
0.c00
EVAPOTRANSPIRATION 1.585
6.281
LATERAL DRAINAGE COLLECTED 0.3545
FROM LAYER 4 2,1318
PERCOLATION/LEAKAGE THROUGH 0.0000
LAYER & ¢.0001L

0.000
0.000

2.151
3.538

3.3872
3.9077

0.00a02
0.4Q002

o
o

1
1
0
2
0
0

. 000
.000

.662
.318

.5960
.5378

.0000
.0002

0.000
0.000

5.810
1.234

0.4562
0.3680

0.0000
0.0000

AVERAGE DAILY HEARD ON 0.252
TOP OF LAYER 5 1.517
STD. DEVIATION OF DAILY 0.245
HEAD ON TOP OF LAYER 5 0.447

.653
. 780

(S V]

.932

0
¢.910

2.16 1.38
5.82 0.91
0.000 0.000
0.000 0.000
1.852 1.517
3.731 2.192
3.7101_ 3.1750
4.4774)] 3.3254
0.0002 0.0002
0.00023 0.0002
(INCHES)
2.640 2.334
3.292 2.366
0.323 0.567
0.414 0.380

0
1

0
0

.424
.Bg6

.244

.747

0.335
0.262

0.257
0.153

**t;***************************************************************************

**#****************************************************************************

MONTHLY TOTALS (IN INCHES) FOR YEAR

PRECIFITATION 3.40
4,10
RUNCFF 0.000
0.000
EVAPOTRANSPIRATION 1.287
3.568
LATERAI: DRAINAGE COLLECTED 0.7263
FROM LAYER 4 0.1430
PERCOLATION/LEAKAGE THROUGH 0.0000
LAYER &6 0.oo000

3.88
4.14

0.000
0.000

2.104
3.936

1.8112
0.2760

c.0001
G.0000

0
0

0
0

.Q00
.000

.224
.427

.1487
1287

.0000
.0000

0.000
0.000

2.783
l.481

0.2354
0.5819

0.0000
0.0000

AVERAGE DAILY HEAD ON 0.517
TOP OF LAYER 5 0.102
STD. DEVIATICN OF DAILY 0.376
HEAD ON TOP OF LAYER 5 0.009

1.378
0.1986

0.328
0.185

2.07 2.88
2.01 2.28
0.0090 0.000
0.000 0.000
2.880 3.298
1.664 2.369
2.0633 0.4087
0.3814 (¢.1516
0.0001 o©0.0000
0.0000 o0©.0000
(INCHES)
1l.468 0.300
0.280 0.108
0.490 0.137
0.093 0.023

0
0

0
9]

.106
-085

031
. 015

0.173
0.414

0.024
0.280

*******************************************************************************



*******************************************************************************

MONTHLY TOTALS (IN INCHES) FOR YEAR

PRECIPITATION

RUNOFF

EVAPOTRANSPIRATION

LATERAL, DRAINAGE COLLECTED

FROM LAYER 4

PERCOLATION/LEAKAGE THROUGH

LAYER 6

1.399
4.835

0.316
0.508

0.000
0.000

9
7

0
0

3.33
5.42

0.000
0.000

1.094
3.613

0.1225
1.7802

0.0000
0.0001

6.
5.
0.
¢.000

3
4

B4
87

ogo

124
.212

2.47
5.26

0.000
0.000

2.794
2,589

0.2902 1.9623
0.6285 1.9793

0.0000 o0.0001
0.0000 0.0001

0.000
0.000

0.804
1.596

4 1.6050
9 0.7011

1 0.0001
1 0.0000

AVERAGE DAILY HEAD
TOP OF LAYER 5

ON

STD. DEVIATION OF DAILY
HEAD ON TOP OF LAYER 5

0.225
0.362

0.075
0.145

0.0897
1.274

0.016
0.527

0.
a.

0.
0.

206
462

153
is81

1.443
1.408

0.685
0.343

1.3547
1.592

0.751
0.540

1.180
0.459

0.481
0.289

*******************************************************************************

*******************************************************************************

AVERAGE MONTHLY VALUES IN INCHES FOR YEARS

1 THROUG

H 5

STD. DEVIATIONS

EVAPOTRANSPIRATION

STD. DEVIATIONS

.53
.24

.000
.000

.000
.000

.446
.387

.240
.202

1.
3.

0.
1.

. 000
.Goo

.000
.000

8&3
325

443
470

0.00
0.00

0.00
0.o00

2.82
3.10

0.55
1.03

0
0

o
0

i3
&)

4
2

.0oo
.000

Q0o

.000
. 000

oo

2.453
2.564

0.924
0.4867

3.80
1l.64

1.79
1.05

0.000
0.000

0.000
c.o000

2.821
1.387

1.2586
0.4%6

4.78

.98
.03

bk

0.000
0.000

0.000
0.000

3.789
1.219

*2.014
0.342



LATERAL DRATNAGE COLLECTED FROM LAYER 4

TOTALS 0.9327 1.8911

1.1135 l.4686 1.2285

STD. DEVIATIONS 0.6748 1.2328 1.3521
1.2194 l.4786 1.8240

PERCOLATION/LEAKAGE THROUGH LAYER 6

TOTALS 0.0001 0.0001 0.0001
0.0001 0.000% 0.0001

S5TD. DEVIATIONS 0.0000 0.0001 0.0001
0.0001 0.0001 0.0001

1.8483 0.95358
1.6555 1.73208

1.1608 0.9142
1.3485 1.0041

0.0001 0.0001

0.o0001 0.0001

0.0001 0.0001
¢.0001 t.0001

0.9120
0.4757

0.919%
0.1838

0.0001
G.0000

0.0001
0.0000

AVERAGES 0.6638 1.5660 1.3456
0.7923 1.04459 0.9033

STD. DEVIATIONS 0.4800 0.2734 0.%621
0.8676 1.0521 1.3411

1.3590 D.6B29
1.1779 1.2726

0.8B535 0.6505
0.9602 0.7383

0.6706
0.3385

0.6763
0.1306

*******************************************************************************

*******************************************************************************

34.81051

0.00213

AVERAGE ANNUAL TOTALS & (STD. DEVIATIONS) FCOR YEARS 1 THROUGH
INCHES CU. FEET
PRECIPITATION 46.589 { 9.847}) 169107.2
RUNOFF 0.000 { 0.0000) 0.00
EVAPOTRANSPIRATION 31.156 { 2.o0128) 113097.78
_LATERAL DRAINAGE COLLECTED !16.21682!( 8.57408) 58B67.070
FROM LAYER 4
DPERCOLATION/LEAKAGE THROUGH 0.00099 { 0.00049) 3.603
LAYER &
AVERAGE HEAD ON TOP 0.985 | 0.521}
OF LAYER 5§
CHANGE IN WATER STORAGE -0.788 { 1.1724) -2861.28

-1.692

*****************************************************************************t*



******************************************************************************

PERK DATLY VALUES FOR YERARS 1 THROUGH 5
T T T T vammsy . T wen
PRECIPITATION --;—;; ______ ;5;;;-;56"
'RUNOFF . 0.000 0.0000
DRAINAGE COLLECTED FROM LAYER 4 666.73828
PERCOLATION/LEAKAGE THROUGH LAYER 6 0.0000190 0.03756

AVERAGE HEAD ON TOP OF LAYER 5 4.051
MAXIMUOM HEAD ON TOP OF LAYER & 6.526
LOCATION OF MAXIMUM HEAD IN LAYER 4
(DISTANCE FROM DRAIN) 48,6 FEET

SNOW WATER 1.73 6282.1865
MAXIMUM VEG. SOIL WATER (VOL/VOL) 0.4601
MINIMUM VEG. SOIL WATER (VOL/VOL) 0.1503

*¥*%* Maximum heads are computed using McEnroe's equations. ***

Reference: Maximum Saturated Depth over Landfill I

iner

by Bruce M. McEnroe, University of Kansas
ASCE Journal of Environmental Engineering

Vol. 119, No. 2, March 1993, Pp. 262-27

0.

******************************************************************************

******************************************************************************

FINAL. WATER STORAGE AT END OF YEAR 5

LAYER {INCHES) (VOL/VOL)
Y " 1.8548 0.3081
2 €9.818B6 0.280¢%
3 4.1983 0.3499
4 0.4988 0.0416
5 0.0000 ¢.0000
6 10.2480 0.4270
SNOW WATER 0.000

******************************************************************************
******************************************************************************
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Eddkhhhdd iRk RkddddlhiiddikabkRthhhhrbhkhrbhhthhkdihrrdbhrhrerhdhRhkddtkhirt kdid

x% * &
vk Tk

bl HEYDROLOGIC EVALUATION OF LANDFILL PERFORMANCE Y&
*k HELP MODEL VERSION 3.01. (14 OCTOBER 1994) 1]
*k DEVELOFED BY ENVIRONMENTAL LAHORATORY ek
*k USAE WATERWAYS EXPERTMENT STATION : *k
ek FOR USEPA RISK REDUCTION ENGINEERING LABORATORY e
L 1]

&k
x ek
EERERAXEEKEECAIRETRET AR AR TR kTR Ak hh kb hddkkkktdtttthkhthrdddddhihkdkdhihkts

EEktkERiA R RELCREhLihkhhkttkhhhhkhhtdhkhkhhkhkiddkhkhkdkkbhkhkhtikdhhbhtirdhdddhkhhkidkhkk

PRECTPITATION DATA FILE: C:\HELP3\GBRONC.D4

TEMPERATURE DATA FILE: C:\HELP3\GBRONCT, D7
SOLAR RADIATION DATA FILE: C:\HELP3\GBRONCS.D13
EVAPOTRANSPIRATION DATA: €:\HELP3\GBRONCE.D11
SOIL AND DESIGN DATA FILE: C:\HELP3\ACT100CL.D10
OUTPUT DATA FILE: C1\HELP3\ACT100CL. OUT
TIME: 11155 DATE: 11/28/1995

¢ de g ot e e e e e v e e e e o e o o ok o e e e o ok ok o e e e ok 3k e e ek oo e v sk o e ok s e b e o e o A o o R e e o o e o e e v e ok e b e b e e e e

TITLE: Greensboro, NC Landfill Closed #WASEHetaixna

FhkdhkkdtkrdkdkikdbthhhbhreRhlRbkhhkhhddRthrhdhktrbtddddhrrirtdtebdbtrhd e Nohhhkikk

ROTE: INITIAL MOISTURE CONTENT OF THE LAYERS AND SNOW WATER WERE
' - COMPUTED AS NEARLY STEADY-STATE VALUES BY THE PROGRAM.

LAYER 1

it s . s i

TYPE 1 — VERTICAL PERCOLATION LAYER
MATERIAL TEXTURE NUMBER 10

24.00 INCHES
D.3980 VOL/VOL
0.2440 VOL/VOL
0.1360 VOL/VOL
INITIAL SOIL WATER CONTENT 0.3980 VOL/VOL

EFFECTIVE EAT. HYD. COND. 0.119999997000E=-03 CM/SEC
NOTE: SATURATED HYDRAULIC CONDUCTIVITY IS MULTIPLIED BY 1,80

FOR ROOT CHANNELS IN TOP HALF OF EVAPORATIVE ZONE.

THICKNESS
POROSITY
FIELD CAPACTITY
WILTING POINT

daanenn
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LAYER 2

TYPE 4 - FLEXIBLE MEMBRANE LINER
MATERIAY, TEXTURE NUMBER 37

0.04 INCHES
0.0000 VOL/VOL
0.0000 VOL/VOL
0.0000 VOL/VOL
0.0000 VOIL/VOL

0.199999999000E-1Q CM/SEC
D0.00 HOLES /ACRE
5.00 HOLES/ACRE

3 - GOOD

THICENESS

FOROQ3IITY

FIELD CAPACITY

WILTING POINT

INTTTAL SOIL WATER CONTENT
EFFECTIVE SAT. HYD. COND.
FMI. PINHOLE DENSITY

FMI, INSTALLATION DEFECTS
FMI. PLACEMENT QUALITY -

A

LAYER 3

Ny e o g

TYPE 3 ~ BARRIER SOIL LINER
MATERTIAL TEXTURE NUMBER 15

18.00  INCHES

0.4750 VOL/VOL

0.3780 VOL/VOL

0.2650 VOL/VOL

0.4750 VOL/VOL
0.170000003000E-04 CM/SEC

THICKNESS

POROSITY

FIELD CAPACITY

WILTING POINT

INITIAL SOIL WATER CONTENT
EFFECTIVE SAT. HYD. COND.

/I

|

GENERAL DESIGN AND EVAPORATIVE ZONE DATA

Pt . v —— e

NOTE: 3SCS RUNOFF CURVE NUMBER WAS COMPUTED FROM DEFAULT
S0IL DATA BASE USING SOTL TEXTURE #10 WITH A
FATR STAND OF GRASS, A SURFACE SIOPE OF 5.%
AND A SLOPE LENGTH OF 100. FEET.

SC5 RUNOFF CURVE NUMBER

FRACTION OF AREA ALLOWING RUNOFF
AREA PROJECTED ON HORIZONTAL PLANE
EVAPORATIVE ZONE DEPTH

INITIAL WATER IN EVAPORATIVE ZONE
UPFER LIMIT OF EVAPORATIVE STORAGE
LOWER LIMIT OF EVAPORATIVE STORAGE
INTTIAL SNOW WATER

IRITIAL: WATER IN LAYER MATERIALS
TOTAL INITIAL WATER

TOTAL SUBSURFACE INFLOW

86.80
0.0 PERCENT
1.000 ACRES
21.0 INCHES
8.358 INCEES
B.358 TINCHES
2.856 INCHES
1.799 INCHES
18.102 INCHES
15.901 1INCHES
G.00 EINCHES /YEAR

i n

i ]

T T |

EVAPOTRANSPIRATION AND WEATHER DATA




NOU-28-1995 11:37 G.N.RICHARDSON ASSOCIATES 019+82B+3833 P.10@

ROTE: EVAPOTRANSPIRATION DATA WAS OBTAINED FROM

GREENSBORO NUORTH CAROLINA

MAXTHMUM LEAF AREA INDEX = 1.00
START OF GROWING SEASON (JULIAN DATE) = 50

END OF GROWING SEASON (JULIAN DATE) = 305
AVEBAGE ANNUAL WIND SPEED = 7.60 MPH
AVERAGE 15T QUARTER RELATIVE HUMIDITY = 66.00 %
AVERAGE 2ND QUARTER RELATIVE HUMIDITY = 68.00 %
AVERAGE 3RD QUARTER RELATIVE HUMIDITY = 74.00 %
AVERAGE 4TH QUARTER RELATIVE HUMIDITY = 70.00 3%

NOTE: PRECIPITATION DATZ WAS SYNTHETICALLY GENERATED USING
COEFFICIENTS FOR GREENSBQORO NORTH CAROLINA

NORMAL MEAN MONTHLY PRECIPITATION (INCHES)

JAN/JUL FEB/aUG MAR /SEP APR/OCT MAY /NOV JUN/DEC
3.51 3.37 3.88 3.16 3.37 3.83
4.27 4.19 3.64 3.18 2.59 3.38

NOTE: TENFERATURE DATA WAS SYNTHETICALLY GENERATED USING
COEFFICIENTS FOR GREENSBORO NORTH CAROLINA

NORMAT. MEAN MONTHLY TEMPERATURE (DEGREES FAHRENHEIT) -

JAN /JUL FEB/AUG MAR /SEP APR/GCT MAY /NOV JUON/DEC
37.50 39.90 48.00 .88.30 66.50 73.50
77.20 76.30 69.90 58.40 48.50 40.20

NOTE: SOLAR RADIATION DATA WAS SYNTHETICALLY GENERATED USING
COEFFICIENTS FOR GREENSBORO NORTH CAROLTINA

STATION LATITUDE = 35.13 DEGREES

. kg RhkAkkkkhhkhdh ki khkkkkth kb hkhhkhhhrdkhkhhhhhikhddhtdhdht bbbt ddddtdihehk

AVERAGE MONTHLY VALUES IN INCHES FOR YEARS 1 THROUGH 20

o e e by

- ———— ——

JAN/JUL FEB/AUG MAR/SEP APR/OCT MAY/NOV JUN/DEC
PRECIPITATION

TOTALS 2.71 3.27 4.10 2.81 3.0% 3.96
4.76 5.13 3.82 2.52 2.50 3.80
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5TD. DEVIATIONS 1.66
1.98
RUNOFF
TOQTALS 0.000
0.000
STD. DEVIATTIONS 0.000
0,000
EVAPOTRANSPIRATION
TOTALS © 1.280
5.434
STD. DEVIATIONS 0.419
1.47s

1.38 1.92 1.36 1.29
2.38 2.389 1.71 1.91
0.00Q 0.000 0.000 0.000
0.000 0.000 0.000 0.000
0.000 0.000 0.000 0.000
Q.000 0.000 0.000 0.000
1.882 3.485 4.842 5.412
4.587 3.466 2.972 1.839
0.328 0.265 0.324 i.419
1.249 1.214 0.654 0.541

PERCOLATION/LEARAGE THROUGH LAYER 3

TOTALS 0.0858
0.0e78
STD. DEVIATIONS 0.0104
0.0182

0.0781 0.0897 0.08862 Q,0815
0.0657 0.0674 0.0736 0.0698

0.0081 0.0031 0.0037 0.0118
0.0213 0.0200 0.01%8 Q.0204

P.11

0.000
0.000

0.000
0.000

4.816
l.468

l I838
0.206

0.0709
0.0798

0.0143
0.0143

AVERAGES OF MONTHLY

AVERAGED DAILY HEADS (INCHES)

DAILY AVERAGR HEAD ACROSS LAYER

e s et e i il iy e

3

———

AVERAGES 22.5078

17.8756
STD. DEVIATIONS 2.6933
5.1472

22.9367 23,7522 23.5842 21.5602
17.3175 18.37D2 19.4382 19.0293

2.4014 0.8220 1.0100 3.1679
5.6761 5.5557 5.3095 5.6688

19.3588
21.1069

3.9495
3.8325

EE st L 2R L T DI RSl E L LTI R F LR R L LT RE O R R R A TR R O O R g

e LR AT S 2 PRI ARSI R TSI LIS LT TSN TR TR E TS T T R LR R T R P

AVERAGE ANNUAL TOTALS & (STD. DEVIATIONS) FOR YEARS 1 THROUGH 20
B - INCHES  cu. FEET | PERCENT
PRECIPITATION ";;*;;_“—_E_-_;TS;;) ““;g;;;;tg—- ;EE?SE_——
RUNOFF 0.000 { 0.0000) 0.00 0.000
EVAPOTRANSPIRATION 41.484 ( 5.8474) 150587.59 97.554
PERCOLATION/LEAKAGE THROUGH 0.91641 ( 0.12464) 3326.554 2.15501

FROM LAYER 3

=682
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P.12
AVERAGE HEAD ACROSS TOF 20.570 { 2.830)
OF LAYER 3
CHANGE IN WATER STORAGE 0.124 ( 4.2898) $49.79 0.291

**ﬁ******i***********************ﬂ**********!*******i**********il**************

NOU-28-1995 11:38 G.N.RICHARDSON ASSOCIATES 915+8268+3899 P.13

!********tt***************ﬂ********ii****ﬁtﬂ***********t*************?********

PEAK DAILY VALUES FOR YEARS 1 THROUGH 20

( INCHES) (CU. FT.)
PRECIPITATION 3.76 13648.800
RUNOFF ' 0.000 0.0000
PERCOLATION/LEAKAGE THROUGH LAYER 3 0.002924 10.61491
AVERAGE HEAD ACROSS LAYER 3 24.000
SNOW WATER 11.58 42038.9375
MAXIMUM VEG. SOIL WATER (VOL/VOL) 0.3980
MINIMUM VEG. SOIL WATER (VOL/VOL) 0.1332

*********tti*******it*tt*i**t**t******t*!**********************i******i*******
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FINAL WATER STORAGE AT END OF YEAR 20

LAYER  (INCHES)  (VOL/VoL)

1 " 5.5519 "o, 3980

2 0.0000Q 0.0000

3 8.5500 0.4750
SHOW WATER D.000

ta A 2t Ll A g Ea et P22l P YT YL T T LT L LR 2 T L F TR R Y R MR e e e
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PIPEFLOW.XLS

Project: Greensboro Phase Ill Lined Landfill Expansion

Task: Size Landfill Pipes (leachate & stormwater) based on the 25 year 24 hour storm

Date:

11/5/98

Calc'd by: EAW

Circular pipe flowing just full: D=16(Qn/(s)*.5)4(3/8)

Q=(((DMB)MB/3))n)*(s)*.5

Checked by:

n= 0.01 HDPE
25 yr 24 hr storm 575 inches
Pipe Slope
Diameter Q (cubic feet per second)
(inches) 0.5% 1.0% 1.5% 2.0% 2.5% 3.0%
4 0.2 0.2 0.3 0.4 0.4 0.4
6 0.5 0.7 0.9 1.0 1.2 1.3
-8 1.1 1.6 1.9 22 2.5 27
10 2.0 28 35 4.0 4.5 4.9
12 3.3 46 57 6.6 7.3 8.0
14 5.0 7.0 8.6 9.9 11.1 12.1
15 6.0 8.4 10.3 11.8 13.3 14.6
16 7.1 10.0 12.2 14.1 15.8 17.3
18 9.7 13.7 16.8 184 216 237
20 12.8 18.1 222 25.6 287 314
22 16.5 234 28.6 33.1 37.0 40.5
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20 [BT ] 751 91.9 106.1 118.7 130.0
22 | e84 96.8 118.5 136.9 153.0 167.6
24 86.3 122.0 149.5 172.6 193.0 2114
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Temporary Stormwater Pipe Sizing
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PATE:  11/21/85
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CHKD BY:

25 Year, 24 Hour Design Storm Depth = 6 inches {Fram NOAA HYDRO-35)
Size of Subcells:
Subcell# Area {Ac.) Subcell#  Area (Ac.)

1A 54 20 39

1B a7z 2D 25

ic 56 3A 67

1D 53 3B 6.0

2A 45 ac 41

2B 42

Pipe Pipe Slope Manning's Contributing Drainage  Runoff Volume  Qreq Dreq  Pipe Selscted
Section (%) Numbar Subeells Area (Ac.) Coef, {c) {cf) (cfs) @in} {in}
Cell 1 Outist 20 0.01 1B,iC,1D 146 05 317988 a7 9.7 12" HDPE
Cell 1 Temporary 20 0.01 1B.1C,1D 146 0.5 317988 37 87 12"N12
Cell 2 Qulet 20 001 2A2B2C2D 15.1 0.5 328878 38 98 12"HDPE
Cell 2 Temporary 25 001 2A2B2C2D 15.1 05 328878 38 94 12"Ni2
Cell 3 Cutist 2.0 0.01 3A3B,3C 16.8 0.5 365804 42 10.2 12" HDPE
Cell 3 Temparary 20 0.01 3A,38,3C 16.8 125 365804 42 102 12*N12
1]
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Where:

q = Unit discharge, cfs/ft of base width
S = Slope in percent

K = Height of element in ft.

g = 32.2 ft/sec?

I, = Control depth on maximum rise of water over element
V. = Critical velocity; also the outlet velocity
c .
Fo

o = Force coefficient

= Force on elements, lbs/ft of transverse width
L = Length between elements, fr
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Table 8.03a

Value of Runoff Coefficient

8.03.2

(C) for Rational Formula

Land Use c Land Use c
Business: Lawns:
Dawntown areas 0.70-0.95 Sandy sail, {lat, 2% 0.05-0.10

Nelghborhood areas  0.50-0.70 Sandy soil, ave,, 2-7% 0.10-0.15

Sandy soil, steep, 7%  0.15-0.20

Residential; . Heavy soil, fiat, 2% 0.13-0.17

Single-family areas  0.30-0.50 Heavy soil, ave., 2-7% 0.18-0.22

Multl units, detached  0.40-0.60 Heavy soil, steep, 7% 0.25-0.35
Multi units, attached  0.50-0.75

Suburban . 0.25-0.40  Agricultural iand:
Bare packed soil
Industrial: CSmeoth 0.30-0.60
Light areas ' 0.50-0.80° Rough 0.20-0.50
Heavy areas 0.60-0.90 Cultivated rows
Heavy soil no crop 0.30-0.60
Parks, cemeteries 0.10-0.25 Heavy soil with crop  0.20-0.50
Sandy soil no crop 0.20-0.40
Playgrounds 0.20-0.35 Sandy soil withcrop  0.10-0.25
Pasture ‘
Railroad yard areas 0.20-0.40 Heavy sail 0.15-0.45
Sandy soit 0.05-0.25
Unimproved areas 0.10-0.30 Woadlands 0.05-0.25
Strests:
Asphalt 0.70-0.95
Concrete 0.80-0.95
Brick 0.70-0.85
Drives and walks 0.75-0.85
Roofs 0.75-0.85

NQTE: The designer must use judgment to select the appropriate C value
within the range for the appropriate fand use. Generally, larger areas with
parmeable soils, flat slopes, and dense vegetation should have lowest C
valugs. Smaller areas with slowly permeable soils, steep slopes, and
sparse vegetation should be assigned highest C values.

Source: American Society of Civil Engineers

The overland flow portion of flow time may be determined from Figure 8.03a.
The flow time (in minutes) in the channel can be estimated by calculating the

average velocity in feet per minute and dividing the length (in feet) by the
average velocity.

Step 4. Determine the rainfall intensity, frequency, and duration (Figures 8.03b
through 8.03g—source: North Carolina State Highway Commission; Jan.
1973). Select the chart for the locality closest to your location., Enter the
"duration" axis of the chart with the calculated time of concentration, Tc. Move
vertically until you intersect the curve of the appropriate design storm, then
mave horizontally to read the rainfall intensity factor, i, in inches per hour.

Step 5. Determine peak discharge, Q (f13/sec), by multiplying the previously
determined factors using the rational formuia (Sample Problem 8.03a).
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Height of most remote point above outlet
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Note:

Use nomograph Te for natural basins with well-defined channels, for overiand
flow on bare earth, and for mowed-grass roadside channels.

For overland flow, grassed surfaces, multiply T by 2.

For overland flow, concrete or asphalt suriaces, multiply Tc by 0.4,

For concrete channels, multiply Tc by 0.2.

Figure 8.03a Time of concentration of small drainage basins.
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8.07.10

Table 8.07¢c

Design Table for Vegetated Spillways Excavated in Erosion Resistant Soils

(side slopes—3 horizontal:1 vertical)

[Discharge Slope Range Battoam Siage |- Discharge Slope Rangs Bottom Stage
Q Hinimum|Maximum Width Feat ' a Hiaimum | Haximum Width Faet
CFS Parcent |Percexnt Feet CFS Percent | Percent Paat
3.3 12.2 B8 .83 2.8 5.2 24 1.24
15 3.5 18.2 12 63 80 2.8 T8 8 1,14
3.1 8.9 B .87 2.9 7.0 32 1.06
20 3.2 13.0 12 .81 2.5 2.8 12 1.B4
3.3 17.3 16 .70 2.5 3.1 18 1.81
2.9 7.1 ] 1.09 50 2.8 3.8 20 1.45
25 3.2 3.9 12 .91 2.7 4.5 24 1,32
3.3 13.2 18 .79 2.8 5.3 28 1.22
3.3 17.2 20 .70 2.8 8.1 3z 1.14
2.9 8.0 8 1.20 2.5 2.8 16 1,71
3.0 8.2 12 1.01 2.8 3.3 20 1.54
30 3.0 | 10.7 16 88 166 z.8 | 4.0 24 1.4
3.3 13.8 20 .78 2.7 4.8 28 1.30
2.8 5.1 B 1,30 2.7 5.3 3z 1.21
2.9 8.9 12 1.10 2.8 8.1 38 1.13
@ 3.1 9.0 18 .94 2.5 2.8 20 1.71
3.1 11.3 20 .85 2.8 3.2 24 1.58
=z 14.1 24 L77 ) 120 2.7 3.8 28 1,44
2.7 4.5 [Z] 1.40 2.7 4.2 32 1.34
2.9 8.0 12 1.1B 2.7 4.8 as 1.28
40 2.9 7.6 18 1.03 2.5 2.7 24 1.71
3.1 9.7 20 .91 2.5 3.2 28 1.58
3.1 11.8 24 .83 140 2.8 3.8 32 1.47
2.8 4.1 8 1.49 2.8 4.0 36 1.38
2.8 5.3 12 1.25 2.7 4.5 40 1.30
45 2.9 a7 18 1.08 2.5 2.7 28 ]
3.0 8.3 20 . 96 2.5 3.1 32 1.58
3.0 10.4 24 .B9 igo 2.8 3.4 a8 1.49
2.7 3.7 B 1,57 2.6 3.8 40 1.40
2.8 4.7 12 1.33 2.7 1.3 44 1,33
50 2.8 6.0 18 3.18 2.4 2.9 32 1.72
2.9 7.3 20 1.03 2.4 3.0 36 1.80
3.1 9.0 24 .04 180 2.5 3.4 40 1.51
2.6 3. 1 B 1,743 2.8 3.7 44 1743
2.7 3.9 12 1.47 2.5 2.7 ET:) 1.70
2.7 4.8 16 1.26 2.5 2.9 40 1.80
80 Z.9 ) 30 | .15 200 575 | 3.3 rys 158
2.9 7.3 54 1.05 2.6 3.0 4B 1.45
3.0 B.8& 28 .97 2.4 2.8 40 1.70
z.5 2.8 B 1.88 220 2.5 2.9 44 1.8:1
2.8 3-3 12 1,80 2.5 3.2 48 1.33
. 2.6 4.1 1B 1.40 2.5 2.6 44 1.70
2.7 5.0 20 1.26 240 2.5 2.9 48 1.82
2.8 6.1 24 1.15 .8 3.2 52 1.54
2.9 7.0 28 1.05 260 2.4 2.8 48 1.70
2.5 2.9 12 1.72 2.5 2.9 52 1.02
80 2.8 3.8 18 1.53 280 2.4 2.8 52 1.70
2.7 4.3 20 1.35 300 2.5 2.8 56 1.89
Example of Use
Given: Discharge, Q =87 c.i.s. Spillway slope, Exit section (from profile) = 40a.
Find: Botiom width and Stage in Reservair,

Frocedure:  Entertable from left at 90 c.f.s. Note that spillway slope {4%a) falls within

slope ranges corresponding to bottom widths of 24, 28, and 32 ft. Use
bottom width, 32 {t, to minimize velocity. Stage in Reservoir will be 1.14 ft,

Note: Computations based on: Roughness coefficient, n = .040. Maximum
velocity = 5.50 ft per sec.
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Use nomograph Te for natural basins with well-defined channels, for averland
flow on bare earth, and for mowed-grass roadside channals.

For overland flow, grassed surfaces, multiply Tc by 2.

For overland flow, concrete ar asphalt surfaces, multiply Te by 0.4.

For concrete channels, multiply Te by 0.2,

Figure 8.03a Time of concentration of small drainage basins.
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Table 8.07¢c
Design Table for Vegetated Spillways Excavated in Erosion Resistant Solls
{side slopes-3 horizontal:1 vertical)

[Discharge Slope Range Bottam Stage |- Discharge Slope Range Bottom Stage

a Hinimum|Maximum Width Feat ' a Hiaimum | Maximum Width Fest
CFS Percent |Percent Feet CFS Pereent | Parcent Feet

3.3 12.2 g .B3 2.8 5.2 24 1.24

15 3.5 8.2 iz E 80 2.8 | 5.9 78 1.14

a.1 8.9 8 .87 2.9 7.0 32 1.086

20 3.2 13.0 12 .B1 2.5 2.8 12 1.B4

3.3 17.3 16 .70 2.5 3.1 16 1.61

2.9 7.1 ] 1.0% 2.6 3.8 20 1.45

25 3.3 9.9 12 .91 80 .7 4.5 24 1.3z

3.3 13.2 16 ) 2.8 5.3 28 1.22

3.3 17.2 20 .70 2.8 8.1 32 1.14

2.9 8.0 8 1.20 2.5 2.8 18 1.71

3.0 B.2 12 1.01 2.6 3.0 20 1.54

30 3.0 10.7 ) 88 106 2.8 | 4.0 54 1.41

3.3 13.8 20 .78 2.7 4.8 28 1.30

2.8 5.1 8 1.30 2.7 5.3 as 1.21

2.9 8.9 12 1,10 2.8 8.1 38 1.13

35 3.1 3.0 18 .84 2.5 2.8 20 1.71

3.1 11.3 20 L85 2.8 3.2 24 1.56

3.2 14,1 24 N 120 2.7 d.8 28 1.44

2.7 4.5 8 1.40 2.7 4.2 3z 1.34

2.9 6.0 12 1.18 2.7 4.8 36 1.28

40 2.9 7.6 16 1.03 2.5 2.7 24 1.71

3.1 9.7 20 .91 2.5 3.2 28 1.58

3.1 11.9 24 .83 140 2.8 3.8 32 1.47

2.8 4.1 B 1.49 2.8 4.0 38 1.38

2.8 5.3 12 1.25 2.7 4.5 40 1.30

45 2.9 8.7 18 1.09 2.5 2.7 28 .70

3.0 B.4 20 .96 2.5 3.1 3z 1.58

3.0 10.4 24 .Bg 160 2.6 3.4 as 1.48

2.7 3.7 ] 1,57 2.6 3.8 40 1.40

2.8 4.7 12 1.33 2.7 4.3 44 1.33

2.8 8.0 18 1.18 2.4 2.7 3z 1.72

2.0 - %7.a 1 o0 [ 1.0a 2.4 3.0 3B 1.060

3.1 5.0 24 NTID) 180 2.5 | 3.4 20 1.51

2.8 3.1 ) 1.73 5.0 3.7 44 .43

2.7 3.s 12 1.4%7 2.5 2.7 38 1.70

80 2; ;.g ;g ;.25 200 '2,.5 Z.9 40 1.60

. . .15 2.5 3.3 44 1.52

2.9 7.3 24 1.05 2.6 3.8 38 1.45

3.0 B.8 28 .97 2.4 2.8 40 1.70

£.5 2.8 8 1.88 220 2.5 2.9 44 1.81

2.8 3.3 12 1.80 2.5 3.2 48 1.53

70 2.8 4.1 18 1.40 2.5 2.0 44 1.70

2.7 5.0 20 1.28 240 2.5 2.9 48 1.82

2.8 8.1 24 1,15 2.8 3.2 52 1.94

2.9 7.0 28 1.05 260 2.4 2.8 48 1.70

2.5 2.5 12 1.72 2.5 2.9 52 1.82

BO 2.8 3.8 18 1,51 280 2,4 2.8 52 1.70

2.7 4.3 20 1.35 300 2.5 2.8 58 1.69

Example of Use
Given: Discharge, Q =87 c.f.s. Spillway slope, Exit section (from profile) = 40%.

Find: Bottom width and Stage in Reservoir.

Procedure:  Enter table from left at 90 c.i.5. Note that spillway slope {4%) falls within
slope ranges corresponding to bottom widths of 24, 28, and 32 it. Use
bottom width, 32 ft, to minimize velacity, Stage in Reservoir will ba 1.14 ft,

Note: Computations based on: Houghness coefficient, n = .040. Maximum

velocity = 5.50 it persec.
8.07.10
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Use nomograph T¢ for natural basins with well-defiried channels, for overland
flow an bare earth, and for mowed-grass roadside channels.

For overland flow, grassed surfaces, multiply Tc by 2,

For overland flow, concrete or asphalt surfaces, multiply Tg by 0.4,

For concrete channels, multiply Te by 0.2.

Figure 8.03a Time of concentration of smail drainage basins.
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8.07.10

Table B.07c

Design Table for Vegetated Spillways Excavated in Erosion Resistant Soils

(side slopes-3 horizontal:1 vertical)

[Dischsrge Slope Range Bottonm Stage | Discharge Slope Hange Bottom Stage

a Hinimum|Maximum | Width Fast . a Minimum |Haximum | Width Feet
Crs Fercent |Fercent Feet. CFS Percent | Percent Fuet

@ 3.3 12.2 8 .83 2.8 5.2 24 i.24

=33 18.2 12 - e} 2.8 5.8 28 1.14

3.1 8.9 8 .97 2.9 7.0 a2 1.08

20 3.2 13.0 12 a1 2.5 2.8 12 1.84

5.3 17.3 i6 .70 5.5 3.1 18 1.61

2.9 7.1 ) 1.09 90 2.6 3.6 20 1.45

o5 3.2 9.9 12 .91 5.7 4.5 o4 1.32

3.3 13.2 18 .79 2.8 5.3 28 1.08

3.3 17.2 20 .70 2.8 B.1 32 i.14

2.9 8.0 ] 1.20 2.5 2.8 16 1.71

20 3.0 B.2 12 1.01 2.8 3.3 20 1.54

3.0 10.7 16 .88 100 2.6 4.0 24 1.41

3.3 13.8 20 .78 2.7 4.8 28 1.30

2.8 5.1 B 1.30 2.7 5.3 a2 1.21

2.9 8.8 12 1.10 2.8 6.1 ELS 1.13

as 3.1 9.0 18 .04 2.5 2.8 20 1.71

3.1 11.3 20 .85 2.8 3.2 24 1. 56

3.2 14.1 24 .77 120 2.7 3.8 28 1,44

2.7 4.5 8 1.40 2.7 4.2 ag 1.34

2.9 8.0 12 1,18 2.7 4.8 a6 1.28

40 2.9 7.B ) 1.03 2.5 2.7 24 1.71

5.1 9.7 20 .91 2.5 3.2 28 1.58

3.1 11.9 24 .83 140 2.8 3.6 3z 1.47

2.8 4.1 8 1.49 2.8 4.0 K[ 1.38

2.8 5.3 12 1.25 2.7 4.5 40 1.30

45 2.9 8.7 18 1.08 2.5 2.7 28 1.70

3.0 8.4 20 .88 2.5 3.1 32 1.58

3.0 10. 4 24 .89 180 2.6 3.4 ag 1.49

2.7 3.7 8 1.57 2.8 3.8 20 1,30

2.8 4.7 12 1.33 2.7 4.3 44 1.33

50 2.8 6.0 18 1.16 2.4 2.7 32 i.72

2.9 7.3 20 1.03 5.4 3.0 ae 1.80

3.1 3.0 ) T 180 5.5 | 3.4 20 1.51

2.8 3.1 8 1.73 7.8 3.7 44 143

2.7 3.9 12 1,47 2.5 2.7 36 1.70

80 2.7 4.8 18 1.28 200 2.5 2.9 30 1.80

2.8 5.9 20 1,15 2.5 3.3 44 1,52

2.8 7.3 24 1.05 2.6 3.6 4B 1.35

3.0 8.6 28 .97 2.4 2.8 40 1.70

z.5 2.8 B 1.88 220 2.5 2.9 44 1.81

2.8 3.3 12 1.80 2.5 3.2 48 1.a3

70 2.8 4.1 16 1.40 2.5 2.0 44 1.70

2.7 5.0 20 1.26 240 2.5 2.9 48 1.82

2.8 g.1 24 1,13 z.0 3.2 52 1.54

2.0 7.0 28 1.05 280 2.4 2.8 48 1.70

2.5 2.9 12 1.72 2.5 2.9 52 1.62

o] 2.6 3.8 1B 1.51 280 2.4 2.8 52 1.70

2.7 4.3 20 1,35 300 2.5 2.6 56 1.69

Example of Use

Given: Discharge, Q =87 c.i.5. Spillway slope, Exit section (from profile) = 404.

Find: Bottom width and Stage in Reservoir.

Procedure:  Enter table from left at 90 c.f.s. Note that spillway slope (4%) falls within
slope ranges corresponding to bottom widths of 24, 28, and 32 ft. Use
bottom width, 32 {t, to minimize velocity. Stage in Reservoir will be 1.14 ft,

Note: Computations based on: Boughness coefficient, n = .040. Maximum

velocity = 5.50 ft per sec.
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Use nomegraph Te for natural basins with well-defined channels, for overland
flow on bare earth, and for mowed-grass roadside channels.

For overland flow, grassed surfaces, multiply T¢c by 2.

For overland fiow, concrete or asphalt surfaces, multiply Te by 0.4

For concrete channels, multiply Te by 0.2.

Figure 8.03a Time of concentration of small drainage basins.
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Figure 8.03d Rainfall intensity duration curves—Greensboro.
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8.07.10

Table 8.07¢

Design Tabie for Vegetated Spillways Excavated in Erosion Resistant Soils

{side slopes-3 horizontal:1 vertical)

[Diacharge Slope Range Bottom Stage Discharge Slope Range Bottom Stage

=] Hinimum|Haximum Width Feet * a Minimum [ Haximum Width Feet
CFS Percent |jPercent Feat crs Percent. | Percent Peet

3.3 12.2 8 . B3 2.8 5.2 24 1.24

15 3.5 18.2 iz .83 80 2.8 5.9 28 1.14

3.1 8.9 B .97 2.9 7.0 32 1. 00

20 3.2 13.0 12 = 2.5 ) 12 1.84

3.3 17.3 18 .70 2.5 3.1 16 1.81

2.9 7.1 8 1.09 2.8 3.8 20 1.45

as 3.2 5.9 1z 791 80 2.7 | 4.5 74 T.35

3.3 13.2 18 .79 2.8 5.3 28 1.22

3.3 17.2 20 .70 2.8 8.1 32 1.14

2.8 8.0 8 1.20 2.5 2.8 18 1.71

3.0 B.2 1z 1.01 2.8 3.3 20 1.54

3¢ 3.0 | 10.7 16 L) 160 2.8 | 4.0 54 T.a1

3.3 13.8 20 .78 2.7 4.8 28 1.30

2.8 5.1 B 1. 30 2.7 5.3 3z 1.21

2.8 8.9 12 1.10 2.8 8.1 as 1.13

as 3.1 9.0 18 .94 2.5 2.8 20 1.71

3.1 1173 20 .85 2.8 3.2 24 1,58

3.2 14.1 24 .77 120 2.7 3.8 EL] 1.44

2.7 4.5 B 1.40 2.7 4.2 az 1,34

2.9 8.0 12 1.18 2.7 4.8 ae 1.28

40 2.9 7.8 16 1.03 2.5 2.7 24 1.71

3.1 9.7 20 .91 2.5 3.2 28 i.58

3.1 11.9 24 .83 140 2.8 3.8 3z 1,47

2.8 4.1 B 1.49 2.8 4.0 38 1.38

z.8 5.3 12 1.25 2.7 4.5 40 1.30

45 2.9 8.7 i) 1.08 2.5 2.7 28 1.70

3.0 B.4 20 .96 2.5 3.1 3z 1.58

3.0 10.4 24 . B9 180 2.6 3.4 38 1.49

2.7 3.7 8 1.57 2.6 3.8 a0 1.40

2.8 4.7 12 1.33 2.7 4.3 44 1.33

2.8 B.0 18 1.18 2.4 2.7 32 1.72

2.9 7.3 20 1.03 2.4 3.0 a6 1.80

SERR 9.0 24 -84 180 2.5 3.4 40 1.51

2.0 3.1 2) 1.743 2.6 3.7 44 1.35

2.7 3.9 12 1.47 2.5 2.7 a8 1.70

50 2.7 4.8 18 1.28 - 2.5 2.9 40 1.80

2.9 5.0 20 1.15 2.5 3.3 44 1.52

2.9 7.3 24 1.05 2.6 3.6 4B 1.45

3.0 B.8 28 .97 2.4 2.8 40 1.70

z.5 2.8 g 1.88 220 2.5 2.0 44 1.681

2.8 3.3 12 1.80 .5 3.2 48 1.53

00 2.8 4.1 16 1.40 2.0 2.6 44 1.70

2.7 5.0 20 1.28 240 2.5 2.9 48 i.82

2.8 8.1 24 1.15 2.6 3.2 52 1.54

2,8 7.0 28 1.05 260 2.4 2.8 48 1.70

2.5 2.9 12 1.73 3.5 2.5 52 1.82

B0 2.8 3.8 16 1.51 280 2.4 2.8 52 1.70

2.7 4.3 20 1,35 300 2.5 2.8 58 1.89

Example of Use
Given: Discharge, @ =87 c.I:s. Spillway slope, Exit section (from profile) = 4%.
Find: Bottom width and Stage in Reservoir.

Procedure:  Enter table from left at 90 ¢.f.s5. Note that spillway slope (4%) falls within

slope ranges corresponding to bottom widths of 24, 28, and 32 ft. Use
hottom width, 32 ft, to minimize velocity. Stage in Reservoir will be 1.14 f,

Note: Computations based on: Roughness coefficient, n = .040. Maximum

velocity = 5.50 ft per sec.
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Use nomograph Te for natural basins with well-defined channels, for overland
flow on bare earth, and for mowed-grass roadside channels.

For overland flow, grassed surfaces, multiply Te by 2.

For overland flow, concrete or asphalt surfaces, multiply Te by 0.4.

For concrete channels, multiply Te by 0.2.

Figure 8.03a Time of concentration of small drainage basins.
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Figure 8.03d Rainfall intensity duration curves—Greensbaro.
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8.07.10

Table 8.07c
Design Table for Vegetated Spillways Excavated in Erosion Resistant Soils
{side slopes—3 horizontal:1 vertical)

[Discharge Slope Range Bottom Stage Discharge Slope Range Bottom Stage

] HinimumiMaximum Width Feet a Miaimum | Maximum | Width Feet
CFS Percent |Percent Feet [84:051 Percent | Percent Feet

15 3.3 12.2 g .83 2.8 5.2 24 1-24
3.5 18.2 1z .B3 80 2.8 5.8 28 1.14
3.1 B.9 B .87 2.9 7.0 32 1.08
20 3.2 13.0 12 .B1 2.5 2.8 12 1.84
3.3 17.3 18 ) 2.5 3.1 18 1.61
2.9 7.1 8 1.09 2.6 3.8 20 1.45
25 3.2 5.9 32 91 B0 5.7 ] 4.5 24 1,38
3.3 13.2 18 .79 2.8 5.3 28 1.22
3.3 17.2 20 _70 2.8 8.1 3z 1.14
z.9 6.0 8 1.20 2.5 2.8 18 1.71
3.0 B.2 12 1.01 2.0 3.3 20 1. 54
0 3.0 | 10.7 16 B8 100 2.6 | 4.0 24 T.41
3.3 13.8 20 .78 2.7 4.8 28 1.40
2.8 5.1 B 1.30 2.7 5.3 3z 1,23
2.9 8.9 12 1.10 2.8 B.1 an 1.13
as 3.1 9.0 168 .94 2.5 2.8 20 1.71
3.1 11.3 20 .85 2.6 3.2 24 1.58
3.2 14.1 24 "7 120 2.7 3.0 28 1,44
2.7 4.5 8 1.40 2.7 4.2 3z 1.34
2.9 8.0 12 1.18 . 2.7 4.8 36 1.28
40 2.9 7.8 16 1.03 2.5 2.7 24 1.71
3.1 9.7 20 .91 2.5 3.2 ) 1.58
3.1 11.9 24 .83 140 2.0 3.6 32 1.47
2.8 3.1 8 1.49 2.8 4.0 38 1.38
2.8 5.3 12 1.25 2.7 4.5 40 1,30
45 2.9 8.7 18 1.08 2.5 2.7 28 1.70
3.0 B.4 20 .98 2.5 3.1 az 1.58
3.0 10. 4 24 .BZ 180 2.8 3.4 36 1.40
2.7 3.7 B 1.57 2.8 3.8 40 1. 40
. 2.8 4.7 1z 1.343 2.7 4.3 44 1.33
50 2.8 8.0 18 1.18 2.4 2.7 32 1.72
2.9 7.3 20 1.03 2.4 3.0 38 1.80
3.1 9.0 24 .84 180 2.5 3.4 40 1.51
2.6 3.1 B 1.73 .5 3.7 44 .43

2.7 3.9 iz 1.47 2.5 2.7 a8 1.70
@ 2.7 3.8 16 | 1.28 200 7.5 2.9 a0 1.50
2.9 5.9 20 1.15 2.5 3.3 44 1.52
2.9 7.3 24 1.05 2.8 3.6 38 1.40
d4 3.0 B.6 28 97 2.4 2.8 40 1.70
2.5 2.8 8 I 25 220 2.5 2.9 44 1.81
2.8 3.3 12 1.80 2.5 d.2 4B 1.53
70 2.8 4.1 18 1,40 2.5 2.8 44 1.70
2.7 5.0 20 31,26 240 2.5 2.9 48 1.62
2.8 6.1 24 1.15 2.8 3.2 52 1.54

2.8 7.0 28 1.05 280 2.4 2.8 4B 1.79
2.5 2.9 12 1.72 2.5 2.9 52 1.682
80 2.8 3.8 18 1.51 280 2.4 2.6 52 1.70
2.7 4.3 20 1.35 300 2.5 2.8 58 1.689

Example of Use

Given: Discharge, Q =B7 c.t.s. Spillway slope, Exit section (from profile) = 4%.

Find: Bottom width and Stage in Reservair.

Procedure:  Entertable from left at 30 c.f.s. Note that spillway slope (4%) falls within
slope ranges corresponding to bottom widths of 24, 28, and 32 ft. Use
bottom width, 32 ft, to minimize velocity. Stage in Aeservoir will be 1.14 it.

Note:

Computations based on: Roughnass coeificient, n = .040. Maximum

velocity = 5,501t persec.

o
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Uss nomograph Tc for natural basins with well-defined channels, for overland
flow on bare earth, and for mowed-grass roadside channels.

For overland flow, grassed surfaces, multiply Te by 2.

For overland flow, concrete or asphalt surfaces, multiply Tc by 0.4.

For concrete channels, multiply Te by 0.2,

Flgure 8.03a Time of concentration of small drainage basins.
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Table 8.07c
Design Table for Vegetated Spiliways Excavated in Erosion Resistant Soils
(side slopes-3 horizontal:1 vertical)

[Discharge Slope Range Bottom Stage |- Diacharge Slope Range Bottom Stage
Q Minimum}]Maximum Width Feet : a Mizimum | Maximum Width Faet
CFs Percent |Percent Fzet Crs Percent | Percent Paat,
3.3 12.2 8 .B3 2.8 5.2 24 1.24
15 3.5 18.2 iz 83 80 2.8 5.9 28 1,34
3.1 B.8 B .97 2.9 7.0 32 1.08
20 3.2 13.0 12 .81 2.5 2.8 12 1,64
3.3 . 17.4 16 .70 2.5 3.1 1B 1.61
2.9 7.1 ] 1.09 @ 2.8 3.8 20 1,45
25 3.2 3.9 22 .91 2.7 4.5 24 1.32
3.3 13.2 18 .79 2.8 5.3 28 1.22
3.a 17.2 20 .70 2.8 8.1 32 1.14 Y
2.9 6.0 8 1.20 2.5 2.8 18 1.71
0 3.0 B.2 15 1.0L 2.8 3.3 20 1.54
3.0 10.7 18 .88 100 2.8 4.0 24 1.41
3.3 13.8 20 .78 2.7 4.8 28 1.30
2.8 5.1 8 1.30 2.7 5.3 32 i.21
2.9 8.9 12 1.10 2.8 6.1 36 1.13
a5 3.1 9.0 iB .94 2.5 2.8 20 1.71
3.1 11.3 20 .85 2.8 3.2 24 1.56
3.2 14.1 24 .77 1z0 2.7 3.8 28 1.44
2.7 4.5 [Z] 1.40 2.7 4.2 32 1.34
2.9 8.0 12 1.18 2.7 4.8 36 1.28
40 2.9 7.6 18 1.03 2.5 2.7 24 171
3.1 9.7 20 .91 2.5 3.2 28 1.58
3.1 11.9 24 .B3 140 2.6 3.6 32 1.47
2.8 4.1 3 1.49 2.6 4.0 KL 1.438
2.8 5.3 12 1.25 2.7 3.5 40 1.30
45 2.9 6.7 18 1.08 2.5 5.7 28 1.70
3.0 B.4 20 .98 2.5 3.1 32 1.58
3.0 10.4 24 .89 180 2.8 3.4 38 1.49
2.7 3.7 B 1.57 Z.0 3.8 40 1.40
2.8 4.7 12 1.33 2.7 4.3 44 1.33
50 2.8 B.O 16 1. 186 D.4 2.7 32 1.72
2.9 7.3 50 1.03 2.4 3.0 36 1.80
3.1 3.0 24 94 180 2.5 | 3.4 ac 1.51
2.6 2.1 B 1.73 .8 3.7 44 T.43
2.7 3.9 12 1.47 2.5 2.7 a8 1.70 -
80 2.7 4.8 18 1.26 200 2.5 2.9 40 1.80
_ 2.8 5.9 20 i.18 2.5 3.3 44 1.52
2.9 7.3 24 1,05 5.8 3.6 4B 1.35
3.0 B.8 28 .a7 2.4 2.8 40 1.70
2.5 2.8 8 1.88 220 2.5 2.9 44 1.81
Z.8 3.3 12 1.80 ) 3.2 48 1.53
- 2.8 4.1 16 1.40 2.5 2.6 44 1,70
2.7 5.0 20 1.28 240 2.5 2.9 4B 1.82
2.8 8. 1 24 1.15 2.6 3.2 52 1.34
2.9 7.0 28 1.058 280 2.4 2.8 48 1.70
2.5 2.9 12 1.72 2.5 2.9 52 1.h2
B0 2.8 a.8 16 1.51 280 2.4 2.8 52 1.70
2.7 4.3 20 1,35 300 2.5 2.8 58 1.69
Example of Use
Given: Discharge, Q =87 c.f.s. Spillway slope, Exit section (from profile) = 4%.
Find: Bottom width and Stage in Reservoir.

Frocedure:  Enter table from Jeft at 90 ¢.f.s. Note that spillway slope (4%) falls within
slope ranges corresponding to bottom widths of 24, 28, and 32 ft. Use
battorm width, 32 fi, to minimize velocity. Stage in Reservoir will be 1.14 f.

Note: Computations based on: Roughness coefiicient, n = .040. Maximum

velocity = 5.50 ft per sec.
8.07.10
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6 For conduit slope < friction slope, Z =2D_|
4
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0.5 @”

L5 20 2.5 3.0

Head required at crest of riser in feet (h)

inlet Proportions

Pipe Pipe

Conduit Riser

(D)-in {D}-in
8-12 18
15 21
18 24
21 30
24 30
30 36
38 48
42 54
48 60

Figure 8.07b Design chart for riser outlet.

Pipe drop inlet spiliway design:

For a given Q and H, refer to Table 8.07a or 8.07b for conduit size.
Then determine the riser diameter (d} from the Inlet Proportions Table
on this figure. Next, refer to the above curves, using the canduit
capacity and riser diameter, and find the head (h) required above the
crest of the riser. The height of the riser should not be less than 5D - h,
except as noted in the above sketch.

Example - Given: CMP; Q = 20cfs; H = 14 ft, hmax. 1.0ft; L = 70 f.
From Table 8.07a find conduit size (D) = 18 inches. From Inlet Propor-
tions Table, riser size = 24 inches. Head (h) required for Q = 20 and

d=24is1.01.

8.07.9



15" CHP Pourre!

Table B.07a
Pipe Flow Chart for Design of Corrugated Metal Outlet Conduit
(Q in cubic ft/sec)

For Corrugated Metal Pipe Inlet K, + =:l.0 and 70 feet of Corrugated Metal Pipe Conduit
n = 0.025. Note correction factors for other pipe lengths,
ia.
K 12 15" 18" PR 24" age g 42"
/ 2 2.84 4.92 7.73 11.30 15.60 26.60 40.77 58.12
2126 =
3 3.48 6.03 9.47 13.84 19.10 32.58 49.93 71.1%
4 4.02 6.96 10.94 15.98 22.06 17.62 57.66 82,20
3 4.49 7.78 Lz2.23 17.87 24 .66 42.086 64.46 91.90
] 4.92 8.52 13.40 19,57 27.0% 46,07 70.60 1.00.65
7 5.32 9.21 14.47 21.14 29.19 49.77 76.28 108.75
8 ' 5.68 9.84 15.47 22.580 31.19 53.19 B1.52 116.23
9 5.03 10.44 16.41 23.97 33.09 56.43 Be .49 123.30
10 6.35 11.00 17.30 25,16 34.88 59.48 91.16 129.96
11 6.67 11.54 18.14 26.50 36.59 62.39 95.63 136.33
12 6.96 ) l2.0_§ 18.95 27.68 3B.21 65.16 899.87-- [~7142.37
13 7.25 12.55 19.72 2B8.8BY 19.77 67.83 103.956 148.21
14 7.52 13.02 20.47 29.90 41.27 70.39 107.88 153.80 (q
15 7.78 13.48 21.19 30.95 42.72 72.85 111.66 15%.18
18 8.04 13.92 21 .88 31.96 44.12 75.24 115.32 154,40
17 B.29 14.35 22.55 32.94 45.48 77.55 118.87 169.46
i8 8.53 14.77 23.21 33.90 456.80 79.81 122.33 174.39
19 8.76 15,17 23.84 34.83 48.08 8l.99 125,67 178.15
20 g.99 15.586 24 .46 35.73 49.33 54,12 128.93 183.80
21 9.21 15.85 25.07 36.62 50.55 B&6 .21 132.13 188.36
22 9.43 16.32 25.65 37.47 51.73 BA,22 135.21 182.76
23 9.64 16.69 26,23 38.32 52.80 50,21 138.27 197,12
\ 24 9.85 17.05 26.80 39.14 54.04 92,15 141.24 201.35
25 10.05 17.40 27.35 39.95 55.15 94.05 144.15 205.50
L Correction Factors For Other Pipe Lengths
40 1.23 1.22 1.20 l.1% L.16 1.14 1.13 1.1l
50 1.14 1.13 1,12 1.11 1.10 1.09 1.08 1.07
60 1.07 }.06 1.06 1.05 1.05 1.04 1.04 1.02
70 l.00 1.00 1.00 1.00 1.00 1.040 1.00 1,00
80 0.95 0.95 0.95 0.96 0.96 0.96 0.97 0.97
90 G.90 0.91 0.91L 0.92 0.92 0.93 0.94 0.94 -
100 0.86 0.87 0.88 D.B9 0.8% 0.80 0.81 0.92 [

8.07.6
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Figure 8.06a Design of autlet protection protection from a round pipe Hewing full, minimum tailwater condition (Tw < 0.5 diameter).
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L
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Y 60 [///’,/
g /:7/ pd /‘ °
5 a0 /44
’ 24
g 30 /A’ / / Splitter-type
S headwall y. —
2 _I: / / // Gresl-[ _‘Li\ .
= 18 d A
AN //4V 4 SN
/4 P e
pe z
=7 / riser ——"| ) o
® / ]
10
. V4 Pipe conduit
8 WA | !
/ For conduit slape > friction slope, Z = 5D _|
& ,/ : For conduit slope < friction slope, Z =2D_
5 Y N I T B
0.5 1.0 1.5 20 2.5 3.0
Head required at crest of riser in feet (h)
Inlet Proportions Pipe drap inlet spillway design:
Pipe Pipe
Conduit | Riser For a given Q and H, refer to Table B,07a or B,07b for condut size.
(D)-in [ (D)-in Then determine the riser diameter (d) from the Inlet Proportions Tabie
on this figure. Next, refer to the above curves, using the conduit
8:]152 ;E capacity and riser diameter, and find the head (h) required above the
18 o4 crest of the riser. The height of the riser should not be lass than 5D - h,
31 30 except as noted in the above sketch.
24 30
30 16 Example - Given: CMP; Q = 20cfs; H = 14 ff, hmax. 1.0ft; L = 70 ft.
36 48 From Table 8.07a find conduil size (D) = 18 inches. From Inlet Propor-
42 54 tions Table, riser size = 24 inches. Head (h) required for Q = 20 and
48 60 d = 24is 1.0

. Figure 8.07h Design chart for riser outlet.
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Table 8.07a
Pipe Flow Chart for Design of Corrugated Metal Qutlet Conduit
(Q in cubic ft/sec)

For Corrugated Metal Pipe Inlet Kg + = 1.0 and 70 feet of Corrugated Metal Pipe Conduit
n = 0.025. Note correction factors for other pipe lengths,
ia.
— H 12v 15" 18" 21" 24" ot is" 42"
1‘E: — 2 2.84 4.92 7.73 11.30 15.80 26.60 40.77 5B.12
3 3.48 . 6,03 9.47 13.84 19.10 32.58 49.93 7L.19
q 4.02 6.96 10.94 15.98 22.06 37.62 57.66 52.20
5 4.49 7.78 12.23 17.87 24 .66 42.06 64.46 91.50
5] 4.92 B.52 13.40 19.57 27.01 156.07 70.60 100.65
7 5.32 9.21 14.47 21.14 29.19 49.77 76.28 108.75
] ’ 5.68 9.84 15.47 22.60 31.18 53.19 81.53 115.23
3 6.03 10.44 16.41 23.97 33,09 '56.43 B86.49 123.30
10 6.36 11.00 17.30 25.26 34.88 5%.48 91.16 129,95
11 6.67 11.54 18.14 26.50 36.39 62,39 95.63 136.33
12 6.986 . lZ.Q; 18.95 27 .68 ig.21 65.16 99.87- 142,37
i3 7.25 12.55 19.72 28.81 39.77 67.83 103.96 148.21
14 7.52 13.02 20.47 29 .90 41.27 70.39 107.88 153.80
- 15 7.78 13.458 21.19 30.95 42.72 72.8B5 111.66 153.18
16 B.04 13.92 21.88 31.96 44,12 75.24 115.32 164.40
: 17 8.29 14.35 22.55 32.5%4 45.48 77.55 118.87 169.46
1B B.53 14.77 23.21 33.90 46.80 79.81 122.33 174 .39
13 B8.76 15.17 23.84 34.83 48.08 B1.99 125.87 179.15
20 B.9% L5.56 24,46 15.73 49.33 B4.12 12B.93 183.80
21 9.2% 15,95 2%.07 16.62 50.55 B6 .21 132.13 1BB. 36
22 9.43 16.32 25.63 37.47 51.73 a8, 22 135.21 192.76
23 9.64 16.69 26.23 3B.3z 52.90 90,21 138.27 197.12
. 24 9.85 17.05 26 .80 39.14 54.04 92,15 141.24 201.35
25 10.05 17.40 27.35 39.95 55.15 94.05 144.15 245,50
L Correction Factors For Other Pipe Lengths
40 1.23 1.22 1.20 1.18 1.16 1l.14 1.1i3 1.11
50 1.14 L.13 1.12 1.1l 1.10 1.09 l.08 1,07
60 1.07 1.06 1.06 1.05 1.05 1.04 1.04 1.63
70 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00
BO 0.95 0,95 0.95 0.96 0.96 0.96 0.97 0.97
90 0.%0 0.91 0.91 0.92 0.92 0.93 0.94 0.94
100 0.86 0.87 0.B8 0.89 0.89 0.90 0.91 0.92

3.07.6
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Figure 8.06a Design of autlet protection protection from a round pipe flowing full, minimum taiiwater condition (Tw < 0.5 diameter).
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******************************************************************************

*k e
* % @

*% b HYDROLOGIC EVALUATION OF LANDFILL PERFORMANCE * %
*% HELP MODEL VERSION 3.01 (14 OCTOBER 1994} **%
%% DEVELOPED BY ENVIRONMENTAL LABORATORY * %
* & USAE WATERWAYS EXPERIMENT STATION **%
* % FOR USEPA RISK REDUCTION 'ENGINEERING LABORATORY *k

* % % %
%% * %

******************************************************************************
******************************************************************************

PRECIPITATION DATA FILE: C:\HELP3\GBRONC.D4
TEMPERATURE DATA FILE: C:\HELP3\GBRONCT.D7
SOLAR RADIATION DATA FILE: C:\HELP3\GBRONC5.D13
EVAPOTRANSPIRATION DATA: C:\HELP3\GBRONCE.D11
SOTIL. AND DESIGN DATA FILE: C:\HELP3\ACT10.D1l0
OUTPUT DATA FILE: C:\HELP3\ACT100UT.OUT
TIME: 17:36 DATE: 11/22/1995

******************************************************************************

TITLE: Greensboro, NC Landfill Active Cell - 10’ Waste

o
******************************************************************************

NOTE: INITIAL MOISTURE CONTENT OF THE LAYERS AND SNOW WATER WERE
COMPUTED AS NEARLY STEADY-STATE VALUES BY THE PROGRAM.

—————

TYPE 1 - VERTICAL PERCOLATION LAYER
MATERIAL TEXTURE NUMBER 18

120.00  INCHES

0.6710 VOL/VOL

0.2920 VOL/VOL

0.0770 VOL/VOL
TNITIAL SOIL WATER CONTENT 0.3010 VOL/VOL

EFFECTIVE SAT. HYD. COND. 0.100000005000E-02 CM/SEC
NOTE: SATURATED HYDRAULIC CONDUCTIVITY IS MULTIPLIED BY 1.80

FOR ROOT CHANNELS IN TOP HALF OF EVAPORATIVE ZONE.

THICKNESS

- POROSITY
FIELD CAPACITY
WILTING POINT

' T |



TYPE 3 - BARRIER SOIL LINER
MATERTIAL TEXTURE NUMBER 22
12.00 INCHES
0.4190 VOL/VOL
0.3070 VOL/VOL
0.1800 VOL/VOL
0.4190 VOL/VOL
0.189999992000E-04

THICKNESS

POROSITY

FIELD CAPACITY

WILTING POINT

INITIAL SOIL WATER CONTENT
EFFECTIVE SAT. HYD. COND.

[T e T [

TYPE 2 - LATERAT, DRAINAGE LAYER
MATERIAL TEXTURE NUMBER 5
12.00 INCHES
0.4570 VOL/VOL
0.1310 VOL/VOL
0.0580 VOL/VOL
0.3348 VOL/VOL
0.100000005000E-02
2.00 PERCENT
50.0 FEET

THICKNESS

POROSITY

FIELD CAPACITY

WILTING POINT

INITIAL S0IL WATER CONTENT
EFFECTIVE SAT. HYD. COND.
SLOPE

DRAINAGE LENGTH

i O O { O I |

TYPE 4 - FLEXIBLE MEMBRANE LINER
MATERTAL TEXTURE NUMBER 35
0.06 INCHES
0.0000 VOL/VOL
0.0000 VOL/VOL
0.0000 VOL/VOL
0.0000 VOL/VOL
0.199999996000E~12

THICKNESS

POROSITY

FIELD CAPACITY

WILTING POINT

INITIAIL SOIL. WATER CONTENT
EFFECTIVE SAT. HYD. COND.
FML. PINHOLE DENSITY

FMI. INSTALLATION DEFECTS
FML PLACEMENT QUALITY

I I S T T Y | R (I

2 = EXCELLENT

TYPE 3 - BARRIER SOIL LINER

MATERIAL TEXTURE NUMBER 16
THICKNESS = 24.00 INCHES
POROSITY 0.4270 VOL/VOL
FIELD CAPACITY 0.4180 VOL/VOL
WILTING POINT 0.3670 VOL/VOL

I

CM/SEC

CM/SEC

CM/SEC

0.00 HOLES/ACRE
4.00 HOLES/ACRE



INITIAL SOIL WATER CONTENT
EFFECTIVE SAT. HYD. COND.

nn

0.4270 VOL/VOL
0.100000001000E-06 CM/SEC

GENERAL DESIGN AND EVAPORATIVE ZONE DATA

NOTE: SCS RUNOFF CURVE NUMBER WAS USER-SPECIFIED.

S5CS RUNOFF CURVE NUMBER

FRACTION OF AREA ALLOWING RUNOFF
AREA PROJECTED ON HORIZONTAL PLANE
EVAPORATIVE ZONE DEPTH

INITIAL WATER IN EVAPORATIVE ZONE
UPPER LIMIT OF EVAPORATIVE STORAGE
LOWER LIMIT OF EVAPORATIVE STORAGE
INITTIAL SNOW WATER

INITIAL WATER IN LAYER MATERIALS
TOTAL INITIAL WATER

TOTAL SUBSURFACE INFLOW

L T (O 1 O 1 O

EVAPOTRANSPIRATION AND WEATHER

— o-— - ——————— T ———; (o —— #ty S

0.00
0.0
1.000
21.0
5.980
14.091
1.617
0.000
55.410
55.410
0.00

DATA

PERCENT
ACRES
TINCHES
INCHES
INCHES
INCHES
INCHES
INCHES
INCHES
TINCHES/YEAR

NOTE: EVAPOTRANSPIRATION DATA WAS OBTAINED FROM
GREENSBORO NORTH CAROLINA

MAXIMUM LEAF AREA INDEX

START OF GROWING SEASON (JULIAN DATE)
"END OF GROWING SEASON (JULIAN DATE)
AVERAGE ANNUAI WIND SPEED

AVERAGE 1ST QUARTER REIATIVE HUMIDITY
AVERAGE 2ND QUARTER RELATIVE HUMIDITY
AVERAGE 3RD QUARTER RELATIVE HUMIDITY
AVERAGE 4TH QUARTER RELATIVE HUMIDITY

1l

7
66
68
74

70

| I T | I I I |

.00 -
90
305
.60
.00
.00
.00
.00

c\°&°o\°o‘@%

NOTE: PRECIPITATION DATA WAS SYNTHETICALLY GENERATED USING

COEFFICIENTS FOR GREENSBORO

NORTH CAROLINA

NORMAL. MEAN MONTHLY PRECIPITATION (INCHES)

JAN/JUL FEB/AUG MAR/SEP APR/OCT
3.51 3.37 3.88 3.16
4.27 4.19 3.64 3.18

MAY

/NOV JUN/DEC
.37 3.93
59 3.38

NOTE: = TEMPERATURE DATA WAS SYNTHETICALLY GENERATED USING

COEFFICIENTS FOR GREENSBORO

NORTH CARQOLINA

NORMAL MEAN MONTHLY TEMPERATURE (DEGREES FAHRENHEIT).



JAN /JUL FEB/AUG MAR /SEP APR/OCT MAY /NOV JUN/DEC

37.50 39.90 48.00 58.30 66.50 73.50
77.20 76.30 69.90 58.40 48.50 40.20

NOTE: SOLAR RADITATION DATA WAS SYNTHETICAILY GENERATED USING
COEFFICIENTS FOR GREENSBORO NORTH CAROLINA

STATION LATITUDE = 35.13 DEGREES

kkhkkkdthkhkhkhkkihkhrkhthddhhhhdkrdhkhhdhddhbhkrdhhdhvddhkdh kb dddhkhhhhhhdehdrtrrrx

AVERAGE MONTHLY VALUES IN INCHES FOR YEARS 1 THROUGH 20

—— o — —— A,y ke T S e ST ————————————————— o} . Tr— vt il {rvot o b o w—— o o o} ol ok Heul i SIS A S T S W S A} o $1} iy it e e S e S —— ———

PRECIPITATION
TOTALS 2.71 3.27 4.10 2.81 3.05 3.96
' : 4.76 5.13 3.82 2.52 2.60 3.80
STD. DEVIATIONS 1.65 1.38 1.92 1.36 1.29 2.53
1.98 2.38 2.39 1.71 1.91 1.80
RUNOFF
TOTALS : 0.000 0.000 0.000 ~ 0.000 0.000 0.000
0.000 0.000 0.000 0.000 0.000 0.000
STD. DEVIATIONS 0.000 0.000 0.000 0.000 0.000 0.000
0.000 0.000 0.000 . 0.000 0.000 0.000
EVAPOTRANSPTRATION
TOTALS 1.432 1.708 2.931 3.026 3.049 4.062
) 4.594 3.606 2.813 2.585 1.406 1.156
STD. DEVIATIONS 0.179 0.254 0.299 0.721 0.865 1.466
1.511 0.969 0.793 0.770 0.418 0.204

PERCOLATION/LEAKAGE THROUGH LAYER 2

—————————— . ——— T A A AT, WA S b ooy S (A o o i i e e e e s B

TOTALS 1.5174 1.1908 1.8299 1.3562 0.5026 0.3133
0.3551 0.3170 0.7112 1.0196 0.4783 0.551¢

STD. DEVIATTIONS 1.3255 0.9589 1.6143 0.9147 0.4042 0.5184
0.8431 0.7272 1.0346 1.0853 0.6805 1.059:

LATERAL. DRAINAGE COLLECTED FROM LAYER 3

——— —— -

TOTALS 0.7782 0.7078 0.7933 0.7685 . 0.7908 0.760¢



0.7789 0.7739 0.7455 0.7696 0.7550 0.7797

STD. DEVIATIONS 0.0619 0.0469 0.0062 0.0049 0.0198 0.0413
0.0731 0.0956 0D.1079 0.1148 0.0654 0.0f““

PERCOLATION/LEAKAGE THROUGH ILAYER 5

—— A LS g ——

TOTALS 0.0002 0.0002 0.0002 0.0002 0.0002 0.0002
0.0002 0.0002 0.0002 0.0002 0.0002 0.0002

STD. DEVIATIONS 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000
0.0000 0.0000 0.0000 0.0000 0.0000 0.0000

—— e U S T T s s S —— e iy i A} L S — - S —————— e o it T — —

———— —— ——— e — ——— 777" 7 |

AVERAGES OF MONTHLY AVERAGED DAILY HEADS (INCHES)

o A A A RS N S S o — A o — ——— i o B ———— —— P T T — ) S —— — — ———

P o iy S ——— — — g |

DATLY AVERAGE HEAD ACROSS LAYER 2

——————— ——— ——— " Sl . A S T o o S0t S —

AVERAGES 0.0139 0.0124 0.0168 0.0130 0.0048 0.0031
0.0034 0.0030 0.0069 0.0096 0.0048 0.0050

STD. DEVIATIONS - 0.0117 0.0098 0.0143 0.0088 0.0038 0.0049
0.0081 0.0067  0.0102 0.0104 0.0067 0.0095

AVERAGES 11.7617 11.8846 11.9818 11.9891 11.9571 11.9
) 11.8303 11.7673 11.7183 11.7069 11.8449 11.84u4

5TD. DEVIATIONS 0.5923 0.8159 0.0594 0.0484 0.1918 0.4209
0.7590 1.0408 1.2598 1.3109 0.6934 0.7126

kkkkkkhhkdhdkkkhhkhkhkhkkkhhhrhhrkhhrrhhdkxhhddrddbdrrdhkgkrrkkdrrohddkhrhddhhhhhhhhid

dkdhkkkhkhkhkrhhkhhkhkhkbhrhkrhrrkhhrhrhhhkddhdhkdkdbddhrhrhhhkhhdhkkhkhkdhdhhhhdhkddhhkhhihd

AVERAGE ANNUAI, TOTALS & (STD. DEVIATIONS) FOR YEARS 1 THROUGH 20

— e —— S s T S ——— e " — e et A S S T S ———— — Ty 545 S R S S v S S S N Y e} S —— ——

INCHES CU. FEET PERCENT
PRECIPITATION Taz.52 | ( 7.072)  154363.9  100.00
RUNOFF 0.000 ( 0.0000) 0.00 0.000
EVAPOTRANSPIRATION 32.368 ( 3.2473) 117495.55 76.116
PERCOLATION/LEAKAGE THROUGH 10.14296 ( 4.24662) 36818.937 23.8520
FROM LAYER 2 Beio o 54 qpac
AVERAGE HEAD ACROSS TOP 0.008 ( 0.003)
OF LAYER 2
LATERAL DRAINAGE COLLECTED 9.20143 ( 0.63781) .- 33401.180 21.63794

FROM LAYER 3



PERCOLATION/LEAKAGE THROUGH 0.00195 ( 0.00010) 7.094 0.0046C
FROM LAYER 5

- VERAGE HEAD ACROSS TOP 11.849 ( 0.574)
OF LAYER 5

CHANGE IN WATER STORAGE 0.953 ( 5.0281) 3459,95 2.241

******'k**********************************************************************i






NOU-28-1995 11:32 G.N.RICHARDSON ASSOCIATES 9189+828+3893 P.82
: ACT o, DI

e o e sl e e e e T e e ke e e e e e e e S g e Y o v o O o o R o R e e ok e Y e e e e e e e o o o e sl ok ol ke ol e ol ol o o ol S o 3 ot e e e sk e e e e e ke

PEAK DAILY VALUES FOR YEARS 1 THROUGH 20

T " (INCHES) (co. FT.)
PRECIPITATION T 3.76 13648.800
RUNOFF A 0.000 0.0000
PERCOLATION,/LEARAGE THROUGH LAYER 2 0.465527 1689.86316
AVERAGE HEAD ACROSS LAYER 2 0.136
DRAINAGE COLLECTED FROM LAYER 3 0.02565 93.12045
PERCOLATION/LEAKAGE THROUGH LAYER 5 0.000005 0.01968
AVERAGE HEAD ACROSS LAYER 5 12.000
SNOW WATER 2.87 10419.2432
MAXTMUM VEG. SOIL WATER (VOL/VOL) 0.4484
MINIMUM VEG. SOIL WATER (VOL/VOL) 0.0649

Akkdhkhkhkikkhkkhhdkidhdekkhdhkhdhhkhhkhhkkhhkdkdhkdkdedkkhtkfdkhdihbidhhohdhhkibhdhhdhdddd



NOU-28—-1895 11:33 G.N.RICHARDSON ASSOCIATES 919+828+3853 P.B63
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FINAL WATER STORAGE AT END OF YEaR 20

LAYER (INCHES)  (VOL/voL) B
T T36.3891 " 6.3032
2 5.0280 0.4190
3 22.8082 1.9007
4 0.0000 0.0000
5 10.2480 0.4270
ENOW WATER 0.000

*******‘:’t********************************************************* 9o & % P de ok ke e ke ke e e
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w HYDROLOGIC EVALUATION OF LANDFILL PERFORMANCE nk
% HELP MODEL VERSION 3.01 (14 OCTORER 1994) k%
%% DEVELOPED BY ENVIRONMENTAL LABORATORY ek
*k USAE WATERWAYS EXPERIMENT STATION *&
ek FOR USEPA RISK REDUCTTION ENGINEERING LABORATORY * %
% ' Rk
&% vek
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PRECTPITATION DATA FILE: C:\HELP3\GBRONC.D4

TEMPERATURE DATA FILE: C:\HELP3\GBRONCT,D?
SOLAR RADIATION DATA FILE: C:\HELP3\GBRONCS.D13
EVAPOTRANSPIRATION DATA: ¢:\HELP3\GBRONCE.D11
SOIL AND DESIGN DATA FILE: C:\HELP3\ACT100CL.D10
OUTPUT DATA FILE: C:\HELP3\ACT100CL.OUT
TIME: 11:55 DATE: 11/28/1995

o e o 0 e e e e S e e e 4 o 7 e b o o e e P e v o 7t e o e ok e ol ok o ol sl o o e o ol o ok e o o o e o e o e o e o o e o o e ol o o o e e e o e e e e

TITLE: Greensboro, NC Landfill Closed #ABE#Letddas

ARk ikdkkidkikhhditikbkkdhkRkd kit hiridrhtidktbbteRtd kit kbt bbbk kiid

ROTE: INITIAL MOISTURE CONTENT OF THE LAVERS AND SNOW WATER WERE
COMPUTED AS NEARLY STEADY-STATE VALUES BY THE PROGRAM.

LAYER 1

e e e e et e e s

TYPE 1 - VERTICAL PERCOLATION LAYER
MATERIAL, TEXTURE NUMBER 10
= 24.00 INCHES
0.3980 VOL/VOL
0.2440 VOL/VOL

0.1360 VOIL/VOL
INITIAL SOIL WATER CONTENT 0.3980 VOL/VOL

EFFECTIVE SAT. HYD. COND. 0.119999997000E-03 CM/SEC
NOTE: SATURATED HYDRAULIC CORDUCTIVITY IS MULTIPLIED BY 1.80
FOR ROQT CHANNELS IN TOP HALF OF EVAPORATIVE ZONE,

THICKNESS
POROSITY
FIELD CAPACITY
WILTIKRG POINT

e

i



NDU-28-1895 11:36 G.N.RICHARDSON RSSOCIATES 915+828+35999 P.BY

LAYER 2

Sl At i s e e

TYPE 4 - FLEXIBLE MEMBRANE LINER
MATERTAL TEXTURE NUMBER 37

0.04  INCHES
0.6000 VOL/VOL
0.0000 VOL/VOL
0.0000 VOL/VOL
0.0000 VOL/VOL

0.199999999000E-10 CM/SEC
0.00 HOLES/ACRE
5.00 HOLES/ACRE

3 - GOOD

THICENESS

FOROSITY

FIELD CAPACITY

WILTING POINT

INITTAL SOTIL WATER CONTENT
EFFECTIVE SAT. HYD. CORD.
FMI, PINHOLE DENSITY

FMI, INSTALLATION DEFECTS
FML. PLACEMENT QUALITY

g HEnB-nnnn

LAYER 3

- — " S

TYPE 3 ~ BARRIER SOIL LINER
MATERTAL TEXTURE NUMBER 15
18.00  INCHES
0.4750 VOL/VOL
0.3780 VOL/VOL
0.2650 VOL/VOL
0.4750 VOL/VOL
0.170000003000E-04 CM/SEC

THICENESS

POROSITY

FIELD CAPACITY

WILTING POINT

INITIAL SOIL WATER CONTENT
EFFECTIVE SAT. HYD. COND.

[0 (O |

GENERAY, DESIGN AND EVAPORATIVE ZONE DATA

NOTE: SCS RUNOFF CURVE NUMBER WAS COMPUTED FROM DEFAULT
SOIL DATA BASE USING SOIL TENTURE #10 WITH A
FATR STAND OF GRASS, A SURFACE SLOPE OF 5.%
AND A SLOPE LENGTH OF 100. FEET.

508 RUNOFF CURVE NUMBER

FRACTION OF AREA ALTOWING RUNOFF
AREA PROJECTED ON HORIZONTAL PLANE
EVAPORATIVE ZONE DEPTH

INTTIAL WATER IN EVAFORATIVE ZONE
WPFER LIMIT OF EVAPORATIVE STORAGE
LOWER LIMIT QF EVAPORATIVE STORAGE
INITIAL SNOW WATER

INITIAL WATER IN LAYER MATERIALS
TOTAL INITYAL WATER

TOTAL SURSURFACE INFLOW

86 .BO
0.0 PERCENT
1.000 ACRES
21.0 INCHES
#.358 INCHES
B.358 INCHES
2.856 INCHES
1.799 INCHES
18.102 IRCHES
18.901 1IRCRES
ag.00 INCHES /YEARR

I TR O (0 I O

EVAPOTRANSPIRATION AND WEATHER DATA




NOU-28-1985 11:37 G.N.RICHARDSON ASSOCIATES 915+828+3893 P.18

ROTE: EVAPOTRANSPTRATION DATA WAS OBTAINED FROM

GREENSBORO NORTH CAROLINA

MAXTHOM LEAF AREA INDEX = 1.00
START OF GROWING SEASON (JULIAN DATE) = S0
END OF GROWING SEASON (JULIAN DATE) = 305
AVERAGE ANNUAL WIND SPEED = 7.60 MPH
AVERAGE 18T QUARTER RELATIVE HUMIDITY = 66.00 %
AVERAGE 2ND QUARTER RELATIVE HUMIDITY = 6B8.00 %
AVERAGE 3RD QUARTER RELATIVE HUMIDITY = 74.00 %
AVERAGE 4TH QUARTER RELATIVE HUMIDITY = 70.00 3

NOTE: PRECIPITATION DATA WAS SYNTHETICALLY GENERATED USING
COEFFICIENTS FOR GREERSBORO NORTH CAROLINAZ

NORMAL MEAN MONTHLY PRECIPITATION (INCHES)

JAN/JUL FEB/AUG MAR/SEP APR/QCT MAY /HOV JUN/DEC
3.51 3.37 3.88 3.16 3.37 3.93
4,27 4.19 3.64 3.18 2.59 3.28

NOTE: TEMFERATURE DATA WAS SYNTHETICALLY GENERATED USING
COEFPICIENTS FOR GREENSBORO NORTH CAROLINA

NORMAT, MEAN MONTHLY TEMPERATURE (DEGREES FAHRENHEIT)

JAN/JUL FEB/AUG MAR/SEP APR/OCT MAY /NOV JUN/DEC
37.50 39.90 48.00 58.30 66.50 73 .50
77.20 76.30 69.90 58.40 48.50 40.20

NOTE: ~SOLAR RADIATION DATA WAS SYNTHETICALLY GENERATED USING
COEFFICIENTS FOR GREENSBORO NORTH CAROLINA

STATION LATITUDE = 35.13 DEGREES

hEhRhkkkkkikdkhhkhddkhddkhkehhkhdhhhrddhhhidkhhdhkdihkhdtidhtbdthttdh bbbkt dikidiik

AVERAGE MONTHLY VALUES IN INCHES FOR YEARS 1 THROUGH 20

- -

— ——— ——

T = e A A T bty bl [t ff

JAN/JUL FEB/AUG MAR/SEP ADR/OCT MAY/NOV JUN/DEC

o i i B et ———

PRECIPITATION

TOTALS 2.71 3.27 4.10 2.81 2.05 3.96



MNOU-2B-1995 11:37

G.HN.RICHARDSON ASSOCIATES 919+828+3699 P.11
STD. DEVIATIONS 1.65 1,38 1.92 1.36 1.29 2.53
1.98 2.38 2.389 1.71 1.91 1.80
RUNOFF
TOTALS 0.000 0.000 0.000 0.000 0.000 0.000
0.000 0.000 0.000 0.000 0,000 0.000
STD. DEVIATIONS 0.000 0.000 0.000 0.000 0.000 0.000
0,000 0.000 0.000 0.000 S 0.000 0.000
EVAPOTRANSPIRATION
TOTALS 1.280 1.882 3.485 4.842 5.412 4.816
5.434 4,587 3.466 2.972 1.839 1.468
STD. DEVIATIONS 0,419 0.325 0.265 0.324 1.419 1.838
1.476 1.249 1.214 0.654 0.541 0.206
PERCOLATION/LEARAGE THROUGH LAYER 3
TOTALS 0.0858 ©0.0783 0.0897 0.0862 0.0815 0.070%9
0.0678 0.0657 0.0674 0.0736 0.0698 0.07398
STD. DEVIATIONS 0.0104 0.0081 0.0031 0.0037 0.0118 0.0143
0.0192 0.,0211 0.0200 0.0188 0.0204 0.0143
AVERAGES OF MONTHLY AVERAGED DAILY HEADS (INCHES)
DAILY AVERAGE HEAD ACROSS LAYER 3
AVERAGES 22.5078 22.9367 23.7522 23.5842 21.5602 19.3588
17.8756 17.3175 18.3702 19.4382 19,0293 21.1069
STD. DEVIATIONS 2.6933 2.4014 0.8220 1.0100 3.1579 3.9495
5.1472 5.6761 5.5557 5.3085 5.6688 3.8325

*t***tt***ittt*t********t**t***tt**t**t**************t********************tt***

******************************i*t**************************ti******************

AVERAGE ANNUAL TOTALS & (STD. DEVIATIONS) FOR YEARS 1 THROUGH

PRECIPLTATION
RUNOFF

EVAPOTRANSPIRATION

20
INCHEE—-- CU. FEET ;QRCENT
42.52 ) E———7.07;) 154363.9h— IEE?EEHﬁd
0.000 { 0.0000) 0.00 0.000
4).484 { 5.8474) 150587.59 97 .554
0.91641 ( 0.12464} 3326.554 2.15501

PERCOLATTON/LEAKAGE THROUGH

FROM LAYER 3

=GB.2
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AVERAGY, HEAD ACROSS TOP 20.570 ( 2.830)
OF LAYER 3

CHANGE IN WATER STORAGE 0.124 { 4.2898) 449.79 0.291

S de I e 48t 2 e B de o e o e ol o o e e ok oo ot o ol Sk e e e o ol o i o ok e o e o o ol o o o e o e o e i ol ol o e e 9 ol ok e e i ol i ol o e e e ok ok e e ke e o
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********************i****tk**************ﬁi**************i************!t******

PEAK DAILY VALUES FOR YEARS 1 THROUGH 20

) T T ?;;EEES)_“ (CU. ¥T.)
PRECTPITATION 3.76 13648800
RUNOFF : 0.000 0.0000
DERCOLATION/LEAKAGE THROUGH LAYER 3 0.002924 10.61491
AVERAGE HEAD ACROSS LAYER 3 24.000
SNOW WATER 11.58 42038.9375
MAXINUM VEG. SOIL WATER (VOL/VOL) 0.3980
MINTMUM VEG. SOIIL WATER (VOL/VOL) 0.,1332

************!i*i****t****i*tt***********!t*********************i**************
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PR P P e e P TP T E T PRI TR PL AL L A PR E R RS S ST I L E LTS

FINAL WATER STORAGE AT END OF YEAR 20

LAYER ( INCHES ) (VoL/VoL)
1 T g.5518 " o.3%80
2 0.0090 0.0000
3 8.5500 0.4750
SHOW WATER 0.000

Rhkkrhkkihhkikhkhibkhdthdddh itk bbbttt dht bRk wtdRddkddtdhddhdtidbdkdddhdddibttts
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TOTAL P.14






******************************************************************************
********************************************i*********************************
l * %

o * %
* % HYDROLOGIC EVALUATION OF LANDFILL PERFORMANCE *k

* ¥k HELP MODEL VERSION 3.01 (14 OCTOBER 1994) * &
%% DEVELOPED BY ENVIRONMENTAL LABORATORY *%
L USAE WATERWAYS EXPERIMENT STATION *%
i FOR USEPA RISK REDUCTION ‘ENGINEERING LABORATORY *%
* % %k
*% %k

******************************************************************************
******************************************************************************

PRECIPITATION DATA FILE: C:\HELP3\GBRONC.D4
TEMPERATURE DATA FILE: C:\HELP3\GBRONCT.D7
SOLAR RADIATION DATA FILE: C:\HELP3\GBRONCS.D13
EVAPOTRANSPIRATION DATA: C:\HELP3\GBRONCE.D11
SOIL AND DESIGN DATA FILE: C:\HELP3\ACT10I.D10
OUTPUT DATA FILE: C:\HELP3\ACT10IOT.OUT
TIME: 17:59 DATE: 11/22/1995

hhkkhhkhrhrkhk kAR khk ki bk hhkkhhhhhkhbhhbdhdhhohkhhhkhbhdhkdhdrhkhbhhkhddhdhhhhrddhhhrrhd

TITLE: Greensboro, NC Landfill Active Cell - 10’ Waste&Interim Cvr.

fkhkkhkkkkkhkhhhkhrhhkR e krkhhkhhdhhirdhhhkhrhrbhhdhhkhhbhkkdhdhkddhrdhhhddhdhhhkidbhhd

NOTE: INITIAL MOISTURE CONTENT OF THE LAYERS AND SNOW WATER WERE
COMPUTED AS NEARLY STEADY-STATE VALUES BY THE PROGRAM.

TYPE 1 - VERTICAL PERCOLATION LAYER
MATERIAL TEXTURE NUMBER 10

12.00  INCHES
0.3980 VOL/VOL
0.2440 VOL/VOL
0.1360 VOL/VOL

INITIAL SOIL WATER CONTENT 0.2832 VOL/VOL

EFFECTIVE SAT. HYD. COND. 0.119999997000E-03 CM/SEC
NOTE: SATURATED HYDRAULIC CONDUCTIVETY IS MULTIPLIED BY 1.80

FOR ROOT CHANNELS IN TOP HALF OF EVAPORATIVE ZONE.

THICKNESS
POROSITY

FIELD CAPACITY
WILTING POINT

nwn g



- INITIAL SOIL WATER CONTENT

TYPE 1 - VERTICAL PERCOLATION LAYER

MATERIAL TEXTURE NUMBER 18

120.00 INCHES

0.6710 VOL/VOL

0.2920 VOL/VOL

0.0770 VOL/VOL

0.2940 VOL/VOL
0.100000005000E-02 CM/SEC

THICKNESS

POROSITY

FIELD CAPACITY

WILTING FQINT

INITIAL SOIL WATER CONTENT
EFFECTIVE SAT. HYD. COND.

| 10 [

v T w— p—

TYPE 3 ~ BARRIER SOIL LINER
MATERIAL TEXTURE NUMBER 22
12.00 INCHES
0.4190 VOL/VOL
0.3070 VOL/VOL
0.1800 VOL/VOL
D.4190 VOL/VOL
0.189999992000E-04 CM/SEC

THICKNESS
POROSITY
FIELD CAPACITY
WILTING POINT

ouournn

EFFECTIVE SAT. HYD. COND.

TYPE 2 ~ LATERAL. DRAINAGE LAYER
© MATERIAL TEXTURE NUMBER 5
12.00 INCHES
0.4570 VOL/VOL
0.1310 VOL/VOL
0.0580 VOL/VOL
0.1953 VOL/VOL
0.100000005000E~-02 CM/SEC
2.00 PERCENT
50.0 FEET

THICKNESS

POROSITY %
FIELD CAPACITY

WILTING POINT .
INITIAL SOIL WATER CONTENT
EFFECTIVE SAT. HYD. COND.
SLOPE

DRAINAGE LENGTH

|1 2 VO 1 Y [

v — ——— ———

TYPE 4 - FLEXTBLE MEMBRANE LINER
MATERTAL TEXTURE NUMBER 35
= 0.06 INCHES
0.0000 VOL/VOL
0.0000 VOL/VOL
0.0000 VOL/VOL
0.0000 VOL/VOL
0.199999996000E~12 CM/SEC
0.00 HOLES/ACRE

THICKNESS
POROSITY

FIELD CAPACITY
WILTING POINT
INITIAL SOIL WATER CONTENT
EFFECTIVE SAT. HYD. COND.
FML, PINHOLE DENSITY

[ I O



FML INSTALLATION DEFECTS
FML. PLACEMENT QUALITY

4.00 HOLES /ACRE
2 = EXCELLENT

nmu

e . e e el g s

TYPE 3 - BARRIER SOIL LINER
MATERIAL TEXTURE NUMBER 16
24.00 INCHES
0.4270 VOL/VOL
0.4180 VOL/VOL
0.3670 VOL/VOL
0.4270 VOL/VOL
0.100000001000E-06 CM/SEC

THICKNESS

POROSITY

FIELD CAPACITY

WILTING POINT

INITIAL SOIL WATER CONTENT
EFFECTIVE SAT. HYD. COND.

tennaun

GENERAI, DESIGN AND EVAPORATIVE ZONE DATA

. e TS P W S S S S S S S W G S . — - - —— —

ROTE: SCS RUNOFF CURVE NUMBER WAS COMPUTED FROM DEFAULT

- SOIL DATA BASE USING SOIL TEXTURE #10 WITH BARE
GROUND CONDITIONS, A SURFACE SLOPE OF 10.% AND
A SLOPE LENGTH OF 100. FEET.

SCS RUNOFF CURVE NUMBER

FRACTION OF AREA ALLOWING RUNOFF
ARFEA PROJECTED ON HORIZONTAL PLANE
EVAPORATIVE ZONE DEPTH

INITIAL, WATER IN EVAPORATIVE ZONE
UPPER LIMIT OF EVAPORATIVE STORAGE
LOWER LIMIT OF EVAPORATIVE STORAGE
INTTIAL SNOW WATER

INITIAL. WATER IN LAYER MATERIALS
TOTAL INITIAL WATER

TOTAL SUBSURFACE INFLOW

94.40

100.0 PERCENT
1.000 ACRES
21.0 INCHES
5.946 INCHES
10.815 INCHES
2.325 INCHES
0.000 TNCHES
56.297 INCHES
56.297 1INCHES
0.00 INCHES/YEAR

/T 1 {1 1 1 1 A

' EVAPOTRANSPIRATION AND WEATHER DATA

- — ———

NOTE: EVAPOTRANSPIRATION DATA WAS OBTAINED FROM

GREENSBORO NORTH CAROLINA

MAXTMUM LEAF AREA INDEX = 1.00
START OF GROWING SEASON (JULIAN DATE) = 20

END OF GROWING SEASON (JULIAN DATE) = 305
AVERAGE ANNUAL WIND SPEED = 7.60 MPH
AVERAGE 1ST QUARTER RELATIVE HUMIDITY = 66.00 %
AVERAGE 2ND QUARTER RELATIVE HUMIDITY = 68.00 %
AVERAGE 3RD QUARTER RELATIVE HUMIDITY = 74.00 %
AVERAGE 4TH QUARTER RELATIVE HUMIDITY = 70.00 %



NOTE: PRECIPITATION DATA WAS SYNTHETICALLY GENERATED USING
COEFFICIENTS FOR GREENSBORO NORTH CAROLINA

NORMAL MEAN MONTHLY PRECIPITATION (INCHES)

JAN /JUL FEB/AUG MAR/SEP APR/OCT MAY /NOV JUN/DEC
3.51 3.37 3.88 3.16 3.37 3.93
4.27 4.19 3.64 3.18 2.59 3.38

NOTE: TEMPERATURE DATA WAS SYNTHETICALLY GENERATED USING
COEFFICIENTS FOR GREENSBORO NORTH CAROLINA

NORMAL. MEAN MONTHLY TEMPERATURE (DEGREES FAHRENHEIT)

JAN/JUL FEB/AUG - MAR/SEP APR/OCT MAY/NOV JUN/DEC
37.50 39.90 48.00 58.30 66,50 73.50
77.20 76.30 69.90 58.40 48.50 40.20

NOTE: SOLAR RADIATION DATA WAS SYNTHETICALLY GENERATED USING
COEFFICIENTS FOR GREENSBORO NORTH CAROLINA

STATION LATITUDE = 35.13 DEGREES {

khkkkhkkhkkhkhkrhhhhdhhkhhhhkhkhkdhhkhhhkhhkhdhhhrdhbhdkthkbhkidhdbhkhkdhhhhhthhdhdhkdrdhhthk

AVERAGE MONTHLY VALUES IN INCHES FOR YEARS 1 THROUGH 20

v — - D D R TP S S —— —— S S WA R g G g o S S ——— S o T g — -

JAN/JUL FEB/AUG MAR/SEP APR/OCT MAY/NOV JUN/DEC

W dr o P ————— o — — ——— — ———— o e St iy S P T TS et St s A — v y—

PRECIPITATION
TOTALS 2.71 3.27 4.10 2.81 3.05 3.96
4.76 5.13 i.82 2.52 2.60 3.80
STD. DEVIATIONS 1.65 1.38 1.92 1.36 1.29 2.53
1.98 2.38 2.39 1.71 l1.91 1.80
RUNOFF
TOTALS 0.459 0.699 0.941 0.411 0.495 0.829
1.041 1.355 1.271 0.663 0.451 1.0
STD. DEVIATIONS 0.499 0.607 0.860 0.638 0.482 D.le
1.011 1.179 1.143 0.709 0.841 0.777

EVAPOTRANSPIRATION



- — —

TOTALS 1.362
3.918
STD. DEVIATIONS D.168
1.334

PERCOLATION/LEAKAGE THROUGH LAYER

—— . — v Rt S T S T T e

TOTALS 0.7948
0.0334
STD. DEVIATIONS 0.7480
0.0713

LATERAL DRAINAGE COLLECTED FROM LAYER 4

——————————— — o — d— f——— — — ————

TOTALS 0.2315
0.3602
STD. DEVIATIONS 0.1555
0.1731

PERCOLATION/LEAKAGE THROUGH LAYER

———.———..-——————_-—--m-———_-u-----—-——“n-n

TOTALS 0.0001
o 0.0001

STD. DEVIATIONS 0.0000
0.0000

—— e Parke (i S T D e ke P S S G S T ——— — — —— T T — ——— ——— — — ———

— i e s e St -

DAILY AVERAGE HEAD ACROSS LAYER

P el Y A e e v o — — T —— —— — Y A 4 -

AVERAGES 0.0072
0.0003

STD. DEVIATIONS 0.0066
0.0007

DATLY AVERAGE HEAD ACROSS LAYER

———— —— — — — ——— v g —

AVERAGES 5.0430
7.0452
STD. DEVIATIONS 2.0655
2,1218

1.658 2.849 2.839 2.811 3.522
2.874 2.574 2.283 1.205 1.078
0.273 0.306 0.724 0.802 1.454
1.072 0,831 0.859 0.413 0.201

3
0.7767 1.0333 0.6021 0.1673 0.0863
0.0131 0.0674 0.0870 0,0580 0.2148
0.6253 0.7729 0.4832 0.0997 0.0941
0.0278 0.2321 0.1837 0.1869 0.4944
0.3060 0.4249 0.4757 0.4786 0.4121
0.3002 0.2495 0.2304 0.1949 0.1936
0.1790 0.1968 0.1942 0.1932 0.1845
0.1560 0.1429 0.1248 0.0937 0.1093
6
0.0001 0.0001 0.0001 0.0001 0.0001
0.0001 0.0001 0.0001 0.0001 0.0001
0.0000 0.0000 0.0000 0.0000 0.0000
0.0000 0.0000 0.0000 0.0000 0.0000
0.0081 0.0100 0.0060 0.0016 0.0009
0.0001  0.0007 0.0009 0.0006 0.0019
0.0065 (0.0075 0.0048 0.0009 0.0009
0.0003 0.0023 0.0019 0.0018 0.0043
6.6032 7.7959 8.6684 B8.5399 7.8870
6.2186 5.5783 5.1558 4.7064 4.5256
2.6788 2.4727 2.293%  2.1863 2.2187
1.9989 1.9297 1.7936 1.5489 1.6912

khkkdhkdhhhhkhkkkkkkkdhkdkRkhdhkhkhhhkhkdbhkdhthkrhkdhkkhkkhhhrhrdhhhdhdhhhhhhhkihkhkdkdhhhkihkk
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AVERAGE ANNUAL TOTALS & (STD. DEVIATIONS) FOR YEARS

1 THROUGH

20
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INCHES CU. FEET PERCENT

PRECIPITATION - 42.52 ( 7.072) 154363.9 100.00{”
RUNOFF 9.621 ( 2.9091) 34925.86 22.626
EVAPOTRANSPIRATION 28.974 ( 3.3437) 105175.87 68.135
PERCOLATION/LEAKAGE THROUGH 3.93417 ( 1.59449) 14281.031 9.25153

FROM LAYER 3

291 AC
AVERAGE HEAD ACROSS TOP 0.003 { 0.001) =
OF LAYER 3

LATERAL DRAINAGE COLLECTED 3.85756 ( 1.64410) 14002.948 8.07139
FROM LAYER 4

PERCOLATION/LEAKAGE THROUGH 0.00105 ( 0.00029) 3.828 0.00248
FROM ILAYER 6

AVERAGE HEAD ACROSS TOP 6.481 ( 1.766)
QF LAYER 6

CHANGE IN WATER STORAGE 0.070 - ( 2.1395) 255.43 0.165

******************************************************************************
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PEAK DAILY VALUES FOR YEARS 1 THROUGH 20

— — S — O —— —— T — ——— i ——— ol b o i} Sl et g Sad APV VY S Sty S Sfm S G e Gy Sype e e e e et P Y S ol —

( INCHES) ZEU. F;.)

PRECIPITATION T3.76  13648.800

RUNOFF : 2.650 9620.7734

PERCOLATION/LEAKAGE THROUGH LAYER 3 0.180711 655.97986

AVERAGE HEAD ACROSS LAYER 3 0.060

DRAINAGE COLLECTED FROM LAYER 4 0.02565 93.12045
.. -  PERCOLATION/LEAKAGE THROUGH LAYER 6 0.000005 0.01968

AVERAGE HEAD ACROSS LAYER 6 12.000

SNOW WATER 2.87 10419.2432

MAXIMUM VEG. SOIL WATER (VOL/VOL) 0.3302

MINIMUM VEG. SOIL WATER (VOL/VOL) 0.1007

) ******************************************************************************

/
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FINAL WATER STORAGE AT END OF YEAR 20

. —— P P P —— —— — —— T — A

(VOL/VOL)
1 ~3.2526 “o.2710

2 35.3215 0.2943

3 5.0280 0.4190

4 3.8547 0.3212

5 0.0000 0.0000

6 1.0.2480 0.4270

SNOW WATER 0.000

hhkhkdhdkddkhddhdhhdkdhhhhhkhdhkhhhhdkhkidhhhbhbkddhhhdkdbhhdrdbhdddhhdbbhdbhhdbhkhkhkdkbhki s
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G.N. Richardson & Associates
ENGINEERING AND GEOLOGICAL SERVICES

Gity of Greensboro

Leachate Quantity Estimates

SHEET:

JOB #:
DATE:
BY;

CHKD BY:

212

HORGN-2
1122185

PKS

Case 1: Surge Event:

1 Yesr, 24 Hr. Design Storm Deptht = 3.0 inches
Slze of Largest Subcall = 5.6 scras
Quantity of Leachate Produced = 456160 gallons
Maximum Tank Capacity = 341000 gallons (62" Diam. 15" High Tank}
Volume MaxImum Betention Tima In Call (days)
Available Retainad in
Tank Capacity  Landfill Cell Pumping Pumping
{gallons) {gailens) Rate = 15,000 gpd Rats = 30,000 gpd
300000 1561860 10.4 52
250000 206160 13.7 6.9
200000 256160 171 85
150000 266160 177 B9
180000 276160 18.4 82
170000 286160 181 9.5
160000 2961680 18.7 =k]
150000 308180 204 102
140000 316160 214 105
130000 326160 217 10.9
120000 336160 224 1.2
110000 346160 231 115
100000 3568160 237 11.8
80000 3661680 244 12.2
80000 376160 251 12.5
70000 385160 257 128
0000 396160 264 132
50000 406150 274 135
40000 416160 27.7 138
30000 426160 284 142
20000 436160 29.1 14,5
10000 446160 29.7 148
g 436160 30.4 152

Case 2: Normal Daily Generation:

Dally Leachate Generation Rate =

Size of Landfill Call =

Days of Capacity for Specified Tank =

1200 gallonsfacre/day
20 acres

14.2 days

LCHOUAM.WE1
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PROJECT HPR — GEBORD, L F JOB NO. __HPR GA-Z

- NETNES
Co ) \ DATE
_supEcT  _Leachate llection Pipe Spacing COMPUTED BY _ PAS
CHECKED BY
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G.N. RICHARDSON & ASSOCIATES
‘ CONSULTING  ENGINEERING

DRAWN JOB NOG. APPROVED DATE REVISED DATE




G.N. Richardson & Associates

SHEET: 22
ENGINEERING AND GEOLOGICAL SERVICES JOB #: HDRGN-2
DATE: 11/21/85
City of Greensbhoro BY: PKS
Analysis of Leachate Collection System CHKD BY:
Leachate Collection Pipe Spacing
c Slope (%)  Slope (Deg.) - (crB)2 tana {tana)*2 (tanal¥ec ({tan a)"2+cir.5 { ) L
0.005- 1 057 00354 00080 0000t 18897 00714 08777 3222
0.005 2 1.15 00354 00201 00004 40148 00735 0.7855 36.01
0.005 4 2.29 00354 00400 00016 7.9978 0.0812 0.6701 4221
0.005 6 343 00354 00598 00036 11.9873 0.0927 0.6073 4657
0.005 8 457 00354 00799 00064 159862 01067 0.5718 49.47
0.005 10 57 00354 01000 00100 198979 01225 0.5505 51.38
0.0025 1 057 00250 0008 00001 38765 D.O510 0.8367 47.81
0.0025 2 1.15 00250 00201 00004 807286 0.0539 0.7286 54.90
0.0025 4 229 00250 00400 00016 159957 0.0640 0.6155 64.98
0.0025 6 3.43 00250 00599 00036 239748 0.0781 05656 70.72
0.0025 8 457 00250 00798 000684  31.8724 00943 05412 73.91
0.0025 10 5.7 00250 04000 00100 399958 01118 05279 75.78
0.001 1 057 00158 00099 00001 99487 0.0332 0.7892 82.23
0.001 2 1.15 0015800201 00004 200740 00375 0.8511 g7.14
D.001 4 229 00158 00400 00016 399893 00510 0.5604 112.85
0.001 6 3.43 00158 00559 00036  59.8364 0.0678 0.5307 119.18
0.001 8 457 00158 00799 00084  72.83811 0.0860 05182 122.06
0.001 10 571 00158 0000 00100 ©9.98%5 0.1049 05119 12355
0.00075 1 057 00137 00089 0000 132849 0.0291 0.7455 9797
0.00075 2 1.15 00137 00201 00004  26.7653 0.0340 0.6285 116.20
0.00075 4 2.29 00137 00400 OO0016 533191 00485 0.5479 13328
0.00075 B 3.43 00137 00589 00086 729152 00859 0.5237 139.45
0.00075 B 457 00137 00799 00064 1065748 00845 05139 142.12
0.00075 10 5.7 00137 04000 00100 1333194 0.1037 0.5000 143.47
0.0005 1 057 00112 00099 00001 198974 00245 0.7110 12580
0.0005 2 145 00112 00201 00004 401480 0.0300 D505 149.19
0.0005 4 2.29 00112 00400 00016 79.9787 0.0458 0.5340 167.51
00005 6 3.43 00112 00599 00036 1198728 0.0540 05163 173.24
0.0005 8 457 00112 00789 00064 159.8622 0.0830 05094 17558
0.0005 10 5.71 00112 01000 00100  199.9791 0.1025 0.5061 176.73
0.00025 1 057 00079 00099 00001 39.7948 00187 0.6525 193.86
0.00025 2 1.15 00079 00201 00004  BO.2050 0.0256 0.5600 225.86
0.00025 - 4 229 00079 00400 00016 1599573 0.0430 05181 244,12
£,00025 & 343 00079 00599 00036 239.7456 00520 05084  248.80
0.00025 8 457 DOO7T9 00799 00064 319.7245 00815 0.5048 250.58
0.00025 10 571 00078 04000 00100 3999582 01012 0.5031 251.43
0.00010 1 057 0OO0CS0 00086 00001 894870 0.0141 0.5864 341.08
0.00010 2 115 0DO00S0D 00201 00004 2007368 0.0224 0.5277 372.02
0.00010 4 229 00050 00400 00016 399.8934 0.0412 0.5076 394.03
0.00010 6 3.43 00050 00588 00036 5993641 0.0608 05034  397.27
0.00010 8 457 00050 00799 00064 7893112 0.0808 05019 398.45
0.00010 10 571 0OOSC 041000 00100  £99.8954 0,1005 05012 329,01

1
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DATE Wizt f95 -
COMPUTED BY__ FPES
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sUBJECT  Leachate Collection Frpe Sizing

= Objective: | Eulinte the regalred size of /eachate.

c.p//e.c.-f:or heqa{er- & outlet Ppes— éqsea(
on Lhe. .25 yr- 24— A osform,

..............................

'ﬂ,au'f- onémé,me (UEr-y CaqSerua‘éJUe) :
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G.N. Richardson & Associates SHEET: 22

ENGINEERING AND GECLOGICAL SERVICES JOB # HDRGN-2
' DATE: 1/21/95
City of Greensboro BY: PKS
Analysis of Leachate Collection System CHKD BY:

Leachate Gollection Pipe Sizing

25 Yeer, 24 Hour Design Storm Depth = 6 Inches
Cell#1 & #ta:
Qutiet Pipe Sfzing: Header Pipe Sizing:
Max. Area Drained = 225 Ap Max. Area Drained = 1891 A@
Slope of Pipa= 4 % Slope of Pipa = 25 %
Manning's Coefficlent {n} = 0.01 tanning's Coefficient {n) = 0.01
Volume (ef}  Qreq [cls}  Dreg {in) Dact {in) Volume {cf) Q cfs) Drea (in) _ Dact {in
) 4155895 4.8 10,24 12
480050 5.67 947 10
Prmary Collection Pipe Sizing:
Subeells 1A & 2A Rematning Subcefis: @
Max. Area Orained = 7.00 Ac@ Max. Area Drained = 9.50 Ar,
Slope of Pipa= 05 % Stope of Pipa = 1.0 %
Manning's Coefficient (n) = 0.01 Manning's Ceefficient {n} = oM
Volume (cf)  Qreq {cfs) Dreg (in} Dact {in) Volume {eh) Qreq [cfs} Dreg(in)  Dact {in)
152460 1,76 8.5 10 206910 239 9.36 10
Secondary Collection Pipe Sizing:
Max. Area Drained = N.60 Ac, @
Stope of Pipe = 20 %
Manning's Coefficient (n) = oM
Volume {cf)  Qreq (cfs) Dreq {in} Dact {in}
13083 045 282 4
Call #3:
Primary Coliection Pipe Slzing: Secondary Collection Plpe Sizing:
Max, Area Drained = 6.70 Ac. @ Max. Area Brained = 06D Ac. @
Slope of Pipa = 15 % Slope of Pipe = 20 %
Manning's Ceefficient {n} = 0.04 Mannihg's Coeflicient (n) = 0.01
Volume (cf} Qreq {cfs) Dreq {in) Batt {in) Volume {ef) Qregq {cfs) DOreg {in) Dact {in)
145526 1.69 7.61 [} 13068 015 292 4

FRSEEWD1
S

D = M. Subeell (3A= 67 Ac)+ 35 % Remaining Area (§/.9Ac-6.7hc

@ = Max. Subcell (6.75) + 38 % Remalning Atea WtA Subcells
[Ad 2A Not T e ludes! (5‘/.9-—6.7-5.4—-4'.5)

B = Subcell 1A(54A)+ 3534 Cell 24 (45 Ac)
@: Subeell 1€ [Sé,dc:)-/- 35% Subcell ZC(E.?Ac)
(= = 100’ Spacing x 260" Length (Ho,)

@) = Hax subeell Cell 3 (674)
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G.N. Richardson & Associates SHEET: 44

ENGINEERING AND GEOLOGICAL SERVICES JOB 8 HORGN-Z
DATE: TUes
City of Graonsbore BY: PK&
Analysis of Leachats Collaction Pipe Straszes CHMD BY:

Cosr 7t Midmm Static Losding :
Lwotabds Coliotfi Band: Cotrmpotied S08 Sover:

Thickress (1) = o8 Thiciwea (X} » 2
Unlt Waigitt ipal) = 120 Unt Weight {pef) » 12
Lpwetionnl Covae:__ el Cruec:
Thicknees (@) = 2 Thickneas (1) & 2
Uik Wikt (pch = 180 Uit Weignt (pos) = 1z
Wable & r
Thickness (1) = 180 Mhax, Verticaf Struss (PY) (pal) = -
Unll Weph! ) = 40
Cak Factors shing and
EDR A o) E (peh Pc Feb FScush F3 Commest
18 T24 17E00 s T5.38 20r .04 Ho Good
17 643 10000 807 ap A 233 115  Memginal
15.5 583 20000 1248 10937 247 136 Magim
T 02 24000 41,83 20040 273 248 DX,
Dmsa2: Dynemic Equipmaent) | awting
SOR (Datamming From Staic Losding Anslysi) = 1"
Live § hadn:
: Weight* Trocy Oyrrmia Line Loads (pal) [:TY Fa
Equipmen (bt bength iy € Cower  12°oovet 18” Cover 6" Cover 127 oowet 15 Cover 8 Cover _ 12" cover 1" Cover
04 Budazer (D440 10485 a4 19 10 8 98 13 R 15,8 N3 %59
DS Bulldewsw (DEH-N 48305 263 3% 18 12 178 ) 23] B4 18.8 283
8 Bulldzey (DALY 85838 mns a1 n 20 3 151 0 9549 9.9 14.0
£33 Trnck L nadar ATSn 7.8 3 17 1t 148 83 5 8.0 124 27.1
Tk Loezior ABB14 [:K: ] 40 20 13 H 100 a7 7.6 4.6 24

* Includeg Blades, Londed Buckots, ote,

Dok Losds:
Wight* Miitviben Dynamic Poind Loads {ped GA FB

_Emdgment [ ] of Ties 8" Cower 13" coves 18" Civmr 67 Cover 12”7 cowil 18" Covwr & Cowver 12" cover 18~ Cover
450 Yhead Loater 48528 A 242 B0 27 J208 o2 134 12 4.0 112
614 Scraper 21000 4 453 113 5n 253 66 2 07 a7 a0
421 Sceapar 115195 4 573 143 G4 2805 4 318 s 21 4,7
8168 43417 4 28 o7 25 131 283 128 13 5.3 1%.9
8260 Compecior BHTE3 4 347 B? k) 1734 434 103 an a5 7.5

" Jncticies Blaces, Lowded Buciols, mo.

PLNETAR e |
——

SDR || Pipe Ok — As an altenative €e smecth oall HPPE
Cortusated HPPE sach ms Advaced Prainage Systems NIZ or
egeuivalent. may be ysed{
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SHEET [ OF <
PROJECT HPR - GBORO. L F J0B NO. va/sn;z
. . DATE 1 /z2 [9s
SUBJECT Leachate Collection Fipe Stresses COMPUTED BY____PKS”
( HoPE PIPE) CHECKED BY

= Objective Ev«'ua\'fe /aacnfm'fe. ca(/ec.fio-q .,ae sfreascs-
i idue o statle Coverburden) amatl p{;dqﬂic I
»,.m-wt) loads . Check é.awfaﬁ crq-:é)n_s a.-fa{
: .*-F;l/m'c. Maa'.ﬁ AT S O

.5 Sriss ia mu w«f/ cpsf.)
£ ol 7 m-s L2 o

“GN. RIGHARDSON & ASSOCIATES
CONSULTING ENGINEERING

DRAWN JOB NQ. APPROVED DATE REVISED DATE
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- SHEET Z_oF 4=
PROJECT HPR- &BORD. LF, 08 NO. _HPREN 2

Hzelos
skeT  _Leachate Collection Vipe Stresses EQL%UTED BY  PkS

CHECKED 8Y

SN 17 PVTT 7PN DRI N 01 O O

P = Crl'éJc‘g{ Bz{ck/lns 5:-3{ Ph:S'S g
- d’ | ek Bpel ( psi) i
' Bﬁ,-":: ‘fmlf Maa!#/as (psf)

P “-k" asa E/— Ks‘co pS‘) -Fpu- c:mvr,aqdf—ec[ ‘..S::l{ﬂu‘er
..... Q 'f"? !J,ya{ra:'tfaflc, Lrl-{:lcaf Ca/qusg p}.}:&ﬂgﬂ-ﬁh}
. 'F*‘eﬂ'-'ﬂ"a fpfr) . :

P - 2.32 £

N N e
Wlaaf«/ﬁs r::-F' ﬁzq—ﬁfk.ﬁ&‘y CFSE_) T

: @ Hal{:z- 4& kam.:-,—'_jg,. .Id{'ra 7;-.. Gaa-Eed} .5'5, ; 3458

GN HICHARDSON & ASSOCIATES
CONSULTING  ENGINEERING

DRAWN JOB NO. APPROVED DATE REMISED DATE
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' SHEET 3 or 4
PROJECT Hpr- &BORD, LF JOB NO. H??S“é
DATE 1/z2
SUBJECT Leachate Collection Ppe Stresses COMPUTED BY_Pe=

rebiarandnnesey

Dafastan]

TABLE 1.4 Av:mgu Valies af l'.ludulus al Sau Hudl::n, -4 [F:r Inttlal Fiexibla Plpw i

CHECKED BY

%  Chen2s

- £ for degroq of cmpaction of huing, Thia® E?Begleﬁendg?t M\?:uslus of F']:‘:“C“Y for
Hlichi, | bederacs, | High, Y y ene Pipe vs. Stress Intensity (73-4 F
<BM% | B55-95%| oea% 20R0Ne b pa e H M : H
, preetoe, et TR o T
< 40% dn%—TH > TS S
Soll type-plpw hedding matecial relativa | relauivg | yelagive R = - -
(UniSed Clussifiearion Syatam”) Dumped | dopsity | dansity | decainy 1
Tmn—pﬂ:eﬂm’h (LL » 500 EHiSI iR it =
with: medilit ta high plostine | 8o dara availohle: mnsuls 2 competent soils I Somani i =
ity CELMK CH-MH eoginser; (therwise use £' n : HH T BRI ST
i Fine-grained il (L« 50) il T P RS T T R =
] 8pils with medium o no plesdeicy . - = :
L5 oo, ML, ML-CL. with Tesa thon 255 4 g S EH IS TR ML
3 casrpe-greined particles &4 200 400 Anaa I e S _J ; K TR 3 &
v i Fineerained sclls (L « 50} % 1 o ;
: Eails with mediuzm t ea plasdicity 2 sooar TR ET e
~d Gl ML, ML-GL, with mre thay e 5 3 5
255 marmgrained porilees 100 400 t 000 | 2000 F SRS
ired sofls with fines =
i &N, GG, 5M, 5C eomtaing mers =
o-eed e 0% Anes
i, Courssegratzed sils with llttle or o
i fnes
cenid CW, GE, 5W, 5P cont=ins leaa :
I shsn 129 Koo 00 1900 anan anaa =
""";' Crushed mele oo oo I000 aoeq iz As
— Aruraer 0 temy of pooeatage =2 =l =1 =05 s AN -\h—
deilesionf =% T C
....... e 5 ] .
{ T Dmigascian D248, TRR Demipmasion £ X E,‘"’ Sk
et t\&rurbuduﬁnewﬂhﬁnhhgﬂ!hmdthmqwhnhﬁ.&.m-ﬁc Ge-st e R C
§Fur = 1% arcurzey sad prediersd defleerion of I%, wemnl delecsion would be bucwsms 205 - = i ey
g i =yaam: HE
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famnr. Far wae iz predlasiag ind only, deflecsion lag faemar - §eere ] i HY o
maawmhlanmmmmaﬁmnummhmm—- : . : et T e L
. pucsinn ctegche, stil= Yrwrr E* vRlu= or averape (e b valuss, Paccsieagn prosor besed oo lonn A Y & P NALA A
v [abarate Marimum dry deasily B bt steadsrdl nying ahoet 237,900 kit (384000 L] = £ am am -5 o e
v mY ummm.msmr-ss. TEAER Desdgansing £.11). 1 Iin? = A8 &N, H 5,\ Twnshe, Gotas pai
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£, TABLE1SS TYPICAL HANGE OF VALUES FOR'
i MODuLus OF ELASTICITY.
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Trww of Sa7 o kphan™
Viry ssft cay g0 g 1o ] LLE
Savt clay Fit=3a0 . 2050
*Medium clry . a001,200 . 40-BG
i [Femim e
Serely clay o CO0-E,000 G
Hiley mned 1,800.3,000 Yo-zoa ;:-
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Densa sl 7.0oc-13.000 00063 * '
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G.N. RICHARDSON & ASSOCIATES
CONSULTING  ENGINEERING
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— , SHEET [ oF 3
PROJECT H PR—GBoRO. L JOB NO.__HPRG&WN-2Z

SUBJECT Operq{:\cmqf Cover Stabillty %;%UTED BY”/zlf;LsS'

CHECKED BY

H b < H H . H pe N H N : : < -

L Obiectives | Eumlunate the stability oF the operitlonal

v fee ke Shiing block medhod En decive
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G.N. RICHARDSON & ASSOCIATES

CONSULTING ENGINEERING

DRAWN JOB NO. APPROVED DATE REVISED DATE




PROJECT
SUBJECT

HPR— GRBoRO. LE

Operationa| Cover Stability

SHEET 2 oF <
J0B NO.__HPRGK-Z
DATE n/zi/9s

COMPUTED BY

PSS

CHECKED BY
200 R Fethip=+s
REDUCTION FACTOR (R) OF Kp 500 B/¢=+.B7,i / / Brpz+a
FOR VARIOUS RATIOS OF -B/4 700 ;
3407 [-ae [-us [-04 [-03]-02 [-01 Joo | s / //
10 |.978 | 962 |.946 |25 |9i2 |698 [.68I [864| .o / A B+
15__ |96 1535 [.507 |.B8( |.854[.830 [ .60 |.775 / / / £l
20 |.935 | 80| |.B62 |.824 | 787 |.752 | 716 [ 678} 400 /
25 _|.912 |.860 [.008 [759 | 71l | 666 |.620 |.574 y rl/
30 |.876 811 | 745 |.686 |.627 | 574 | 500 |.467 . V71 A Big=0
35 |.B36 |.702 |.614 1603 |.536 475 [417 |.362 | 30D T4
40| 783 | 682 | 592 1512 {439 |375 |516 |28 /X VL
o 25 [718 |.600].500]414 [.339 |.276 [.221 .74 / 7
xzqg ”// // / B/p=-2
LS /T
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G.N. Richardson & Associates
ENGINEERING AND GEOLOGICAL SERVICES

SHEET: ..31‘4’3/3

JOB # HDRGN-2
DATE: 11/21/95

City of Greensbhoro BY: PKS
Analysis of Operational Cover Stability CHKD BY:
Input Parameters: (User Input)
Sideslope Angle (Beta): 18.4 degrees
Max. Slope Height {H): _ 16 ft
Operational Gover: Thickness: 1.5 ft
Unit Weight: 110 pef
Resisting Layer: Height (h): 3 ft
(Grave! Column) Unit Weight: 140 pef
Phi: 40 degrees
Beta/Phi: -0.46
- ‘Passive Pressure Coefficient = 6.6 (from NAVFAC Chart)
" Calculate FS Against Sliding:
Interface Resisting  Driving
Fric. Angle W WN WD Fir Pp Force Force FS slide
10 8364 7936 2640 1399 4158 5557 2640 211
15 8364 7936 2640 2126 4158 6284 2640 2.38
20 8364 7936 2640 2889 4158 7047 2640 2.67
25 8364 7936 2640 3701 4158 7859 2640 2.98

OPCOVR.WB1
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G.N. Richardson & Associates
ENGINEERING AND GEOLOGICAL SERVICES

City of Greensboro
Analysis of Geosynthetics
Geomembrane Stresses

SHEET: 6/10
JOB#: HDRGN-2
DATE: 11/21/95

BY: PKS
CHKD BY:

Input Parameters:

Sideslope Angle: 18.4 degrees
Max. Slope Height: 16 ft
Geomembrane: Yield Stress: 2000 psi

Thickness: 0.08 in
Operational Cover: Thickness: 18 in

Unit Weighi: 110 bs/cf
Waste Parameters;  Max. Lift HE: 10 ft

Unit Weight: 65 pof

Case 1: Stress Due To Self Weight

W1i= 15.02 lb/it
Wi = 1.77 ib/ft

W3 = 9.43 Ib/ft

W = 26.23 b/t

DELL tan (DELL) Fir {Ib/ft)

T (Ib/ft)

5 0.087 2.18
10 0.176 4,39
15 0.268 6.67
20 0.364 9.06

6.10
3.89
1.61

Maximum Stress = Wit psf = 8.5 psi

Factor of Safety =

STRESSES.WES




Case 2: Stress Due To Operational Cover Sliding SHEET:

Tension in Geotextile:

W= B390 tbsfft

FU = 7961 tan (DELU)

FL= 7961 tan (DELL})

T= 7961 (tan{DELU)-tan{DELL}}

Stress = TNA=.09/12)1144 psi

Sensitivity Analysis:

DELU DELL tan(DELUMan{DELL) T (Ibfft) Stress (psi)
20 18 0.0391 KA | 288
25 18 0.1414 1126 1042
25 20 0.1023 815 754
25 22 0.0623 496 459
30 18 0.2524 2010 1861
30 20 0.2134 1699 1573
30 22 .0.1733 1380 1278
30 24 0.1321 1052 974
30 26 0.0895 713 661
30 2B 0.0456 363 336
35 18 0.3753 2988 2766
35 20 0.3362 2677 2479

[ 35 22 0.2962 2358 2183
35 24 0.2550 2030 1880
35 26 0.2125 1692 1566
35 28 0.1685 1341 1242
35 30 0.1229 978 508
35 32 0.0753 600 555
35 34 0.0257 205 189
T{max.)= 2588

ETRESSES WB1




Case 2 Continued: Stress Due To Operational Cover Sliding SHEET: 810

Tenslon In Geonet:

W= 2988 tbsit

FU= 2988 tan (DELU)

FL= 2988 tan {DELL)

T= 2988 (tan(DELU-an(DELL}))

Stress = T/(A=.2112)144 psi

Sensitivity Analysis:

DELU DELL tan(DELU)-tan(DELL) T (IbAt) Strass (psi)
18 10 0.1486 444 185
18 12 0.1124 336 140
20 10 0.1876 561 234
20 12 0.1514 452 188
22 10 0.2277 &80 283
22 12 0.1915 572 238
24 10 0.2689 803 33
24 12 02327 695 290
26 10 0.3114 830 388
26 12 0.2752 822 343

, 28 10 0.3554 1062 442
28 12 0.3192 954 397

T{max.) = 1062
Case 2 Continued: Stress Due To Operational Cover Sliding

Tension in Geomembrane:

W= 1062 lbs/ft

Fu= 1062 tan (DELU)

FL= 1062 tan (DELL)

T= 1062 (tan{DELU)-tan(DELLY)

Stress = TH{A=.06/12)/144 psi

Sensitivity Analysis:

DELU DELL tan{DELU}-tan{DELL) T (Ibft) Stress (psi)
10 5 0.0888 o4 131
10 G 0.0712 76 105
10 7 0.0535 57 79
10 8 0.0358 38 53
10 9 0.0178 19 26
12 5 0.1251 133 184
12 6 0.1075 114 158
12 7 0.0898 g5 132
12 8 0.0720 76 108
12 9 0.0542 58 BO
12 10 0.0362 as 53
12 11 0.0182 18 27

T(max.)= 133

Factor of Safety =

HTRESSES w1




Case 3 Continued: Stress Due To Waste Subsidence SHEET: 10f10
Tension In Geonet:
W= 5534 |bsift
FU= 5534 tan (DELW)
FL= 5534 tan (DELL)
T= 5534 {tan(DELU)-tan{DELL})
Stress = T{A=2H2)144  psi
Sensitivity Analysis:
DELU DELL tan(DELUY-tan(DELL) T (lbfty  Stress (psi}
18 10 0.1486 822 343
18 12 01124 622 258
20 10 0.1876 1038 433
20 12 0.1514 838 349
22 10 0.2277 1260 525
22 12 01915 1060 441
24 10 0.2689 14388 620
24 12 0.2327 1288 536
26 10 03114 1723 718
26 12 0.2752 1523 534
28 10 0.3554 1967 819
28 12 . 0.3192 1766 736
T{max.) = 1867
Case 3 Continued: Stress Due To Waste Subsidence
Tension in Geomembrane:
W= 1867 lbsfft
FU= 1967 tan (DELLY)
FL= 1967 tan (DELL}
T= 1967 (tan{DELL)-tan{DELLY})
Stress = T(A=06M2)/144  psi
Sensitivity Analysis:
DELU DELL tan(DELU)tan{DELL) T {lbft) Stress (psi)
10 5 0.0888 175 243
10 & 0.0712 140 195
10 7 0.0535 105 146
10 8 0.0358 70 98
10 9 0.0179 35 49
12 5 0.1251 245 342
12 g8 0.1075 211 293
12 7 0.0898 177 245
12 8 0.0720 142 197
12 ] 0.0542 107 148
12 10 0.0362 71 a9
12 i1 0.0182 36 50
T{max.) = 245

Factor of Safety =

STHESGET W













G - N: Richardson & Associates

CONSULTING ENGINEERING

December 7, 1595

Joseph C. Readling, P.E.

HDR Engineering, Inc.

128 South Tryon Street, Suite 1400
Charlotte, NC 28202-5001

RE: * Seismic and Slope Stability Analysis
White Street Landfill
Greensboro, North Carolina

Dear Joe:

This report was prepared in response to your request. The report is consistent with our letter

proposal dated November 3, 1995 and meets 40 CFR 258 requirements as expressed in the EPA
guidance document EPA/600/R-95/051. .

Site Specific Seismic Considerations

On October 9, 1993, RCRA Subtitle D regulations (40 CFR Part 258) governing landfills
receiving municipal solid waste (MSW) went into effect. These regulations require that

. Section 258.13 : landfills cannot be sited within 200-feet of a fault that has been

active during the Holocene Epoch (past 11,000 years) unless it can be
demonstrated that a lesser set back is safe.

o Section 258.14 : landfills must be designed for seismic conditions if they are
within a seismic impagct zone defined as having a peak bedrock acceleration

exceeding 0.1 g based on a 90% probability of non-exceedance over a 250 year
time period.

The recent EPA guidance for seismic design guidance for municipal solid waste landfills
(EPA/600/R-95/051) clearly indicates that only two faults east of the Rocky Mountains have
been shown to be active. The region of capable faults is shown on Figure 1 and extends eastward

only to the Meers fault in Oklahoma. Thus the Greensboro site satisfies the requirements of
258.13.

The peak bedrock acceleration at the Greensboro site is obtained from USGS MF-2120 which is
partially reproduced on Figure 2. This indicates that a peak bedrock acceleration of 0.10g can be
assigned to the Greensboro site. This peak acceleration represents a 90% probability of not being

exceeded in 250 years. This corresponds to a site earthquake having a return period exceeding
2400 years.

417 N. BOYLAN AVENUE « BRALEIGH, NORTH CAROLINA 27603 e« TEL 913-828-0577 e« FAX 819-828-3899
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The peak bedrock acceleration must be modified for site conditions to predict the peak ground
surface acceleration at the site. The site amplification or attenuation of the peak bedrock
acceleration can be evaluated using one-dimensiona] wave propagation analysis either
specifically performed for the site or based on parametric studies. Since the Greensboro site is
only marginally associated with a seismic impact zone, the site amplification or attenuation is
estimated using the parametric relationships shown on F igure 3. Soil borings performed by
Engineering Tectonics under the direction of GNRA personnel indicate that much of the
Greensboro site is underlain by primarily dense to stiff sandy silts (ML or MH) to silty sands
“(SM). Due to the limited overburden at the site after borrow activities, the ground surface
acceleration is taken from Figure 3 as equal to the peak bedrock acceleration of 0.10g.

Liquefaction Evaluation

The first step in any liquefaction evaluation is to assess whether the potential for liquefaction
of cohesionless soils exists at a site. A variety of screening techniques exists to distinguish
sites that are clearly safe with respect to liquefaction from those sites that require more

detailed study (EPA/600/R-95/051). The following five screening criteria are most commonly
used to make this assessment:

. Geologic age and origin. Liquefactibn potential decreases with increasing age
of a soil deposit. Pre-Holocene age soil deposits generally do not liquefy,
though Hquefaction has occasionally been observed in Pleistocene-age deposits.

The deposits beneath the Greensboro site are of the Late Precambrian to
Cambrian period and greatly predate the Pleistocene.

. Fines content and plasticity index. Liquefaction potential decreases with
increasing fines content and increasing plasticity index, PI. Soils having greater
than 15 percent (by weight) finer than 0.005 mm, a liquid limit greater than 35
percent, and an in-situ. water content less than 0.9 times the liquid limnit
generally do not liquefy (Seed and Idriss, 1982).

Grain size distributions performed by Geotechnologies and Trigon indicate that
most of the soil layers have in excess of 20% fines.

. Saturation. Although partially saturated soils have been reported to liquefy, at
least 80 to 85 percent saturation is generally deemed to be a necessary condition
for soil liguefaction. In many locations, the water table is subject to seasonal
oscillation. In general, it is. prudent that the highest anticipated seasonal water
table elevation be considered for initial screening.

. Depth below ground surface. While failures due to liquefaction of end-bearing

Greenshoro Landfill . December, 1995
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piles resting on sand layers up to 100 ft (30 m) below the ground surface have
been reported, surface effects from liquefaction is generally not likely to occur
more than 50 ft (15 m) below the ground surface.

. Soil Penetration Resistance. According to the data presented in Seed and Idriss
(1985), liquefaction has not been observed in soil deposits having normalized
Standard Penetration Test (SPT) blowcount larger than 22. Marcuson, et al.
(1990) suggest a normalized SPT value of 30 as the threshold value above © -
which liquefaction will not occur. However; Chinese experience, as quoted in.

- Seed et al. (1983), suggests that in extreme conditions liquefaction is possible in
~ soils having normalized SPT blowcounts as high as 40.

Based on the work performed by Engineering Tectonics, normalized blowcounts
In the soils underlying the landfill are generally in excess of 30. Soils where

normalized blowcounts were less than 30 were found to be above the water
table.

If three or more of the above criteria indicate that liquefaction is not likely, the potential for
liquefaction may be considered to be small. If, however, based on the above initial screening
criteria, the potential for liquefaction of a cohesionless soil layer beneath the site of a planned

landfill (new construction or lateral expansion) cannot be dismissed, more rigorous analysis of
liquefaction potential is needed.

Based on the above screening criteria it is apparent that liquefaction is not likely at the White
Street Landfill and a more rigorous analysis of this potential is not necessary.

Slope Stability Evaluation

. EPA guidance, EPA/600/R-95/051, requires that the completed landfill have minimum factors of
safety against slope failures of 1.5 statically and 1.0 dynamically. The slope stability
evaluations for the Greensboro Landfill were obtained using the computer program STABL5. A
block failure was assumed for the analysis such that the liner formed a major portion of the
block. The STABLS search algorithm looked for the lowest factor of safety for a failure block
defined by the geomembrane surface and a plane up through the refuse. Additional slope
stability analyses were performed assuming circular failure surfaces through the refuse.

Slope stability evaluations were performed at three sections through the final proposed refuse
contours. The sections were selected at locations of maximum steepness of final cover combined

with liner slopes to produce minimum slope factors of safety. The locations of the slope stability
cuts are shown on Figure 4.

Computer output for the STABLS studies is presented in Attachment 1 for static and dynamic

Greensboro Landfill ; December, 1995
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loadings. The minimum factors of safety are 1.4 for static conditions and 1.1 for dynamic
loading conditions (see Table 1). Note that the minimum static factor of safety was not met
(1.4<1.5). However, a second analysis of the same failure surface with a slightly increased
cohesion value for the waste (¢ = 300 psf versus ¢ = 200 psf) produced an adequate factor of

safety of 1.5. The waste parameters used in the second analysis are still considered to be quite
conservative for municipal solid waste.

The slope stability analyses were performed assuming the minimum interface friction angle of
the liner system is 10 degrees. This low friction angle is representative of smooth HDPE and
rounded sands or a nonwoven geotextile. This assumption is conservative for the proposed liner
systemn (geomembrane over 2 feet of compacted clay liner). The project specifications should
indicate that the minimum interface friction angle of the liner system shall be 10 degrees and
require contractor verification. This would require direct shear testing of the
geomembrane/geosynthetic material interface.

A veneer stability analysis of the final cover was performed assuming a minimum interface

_ friction angle of 25 degrees and is included in Attachment 2. This interface friction angle is

appropriate for geotextile/soil or geotextile/textured geomembrane interfaces. The minimum

seismic veneer slope stability factor of safety using this assumption is 1.26. This exceeds EPA
guidelines.

Summary

This seismic impact evaluation clearly demonstrates that the lined landfill proposed in

Greensboro will satisfy all of the criteria expressed in 40 CFR 258. No site liquefaction or
interface friction failures are anticipated for this project.

Cordially,
G.N. chhardson & Associates
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Table 1 Results of Slope Stability Analyses

‘White Street Landfill
Greensboro, NC
'Croés Section ' Failure Type Static Dynamic*
A Block 1.9 14
Circular 2.0 1.6
B Block 1.5 1.2
Circular 2.0 1.6
C Block ) i.4 i.1
Block # s e
Circular 2.0 1.6
Cover Veneer Infinite Slope** 1.87 1.26

* Horizontal and Vertical Coefficients = +0.05g (= % Peak Ground Surface
Acceleration)
*E Interface Friction Angle = 25°

- # ¢ (MSW) =300 psf



Attachment 1

Computer Output

Static and Dynamic Loadings
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Attachment 2

Veneer Stability Analysis of
Final Cover




PROJECT
SUBJECT

HPR— GBORO 4L F SHEET [_oF &

J0B NO.__MHPRGA-2

Final Cover Stabiftty Evaluation DATE 12/6/75

COMPUTED BY Phes
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GN. RICHARDSON & ASSOCIATES, INC.
Engineering and Geological Services

417 N. BOYLAN AVENUE RALEIGH, N.G. 27803
PHONE-810-828-0877 FAX-915-828-38808




G.N. Richardson & Associates SHEET: 212

ENGINEERING AND GEOLOGICAL SERVICES JOB# HDRGN-2
DATE: 12/7/95
HDR - Greensboro Landfill : BY: PKS
Analysis of Fina! Cover Stability CHKD BY:

Input Parameters: (User Input)

Sideslope Angle {Beta); 14 degrees
Final Cover: Thickness (z): 2 ft
Unit Weight 110 pef
Cohesion: 0 psf
Water Depth: 2ft. (= z if Slope is Dry}
Selsmic Coefficient (ks): 0 Static FS
0.10 Dynamic FS {= Peak Gruund Acceleration For The Site)

Caiculate Static FS Against Sliding:

Interface Resisting Driving
Fric. Angle Force Force  FSslide Comment
10 0.18 0.25 0.71 NO GOOD
15 0.27 0.25 1.07 NO GOOD
20 0.36 0.25 1.48 NC GOCD
25 0.47 0.25 1.87 OK

Calculate Dynamic FS Against Sliding:

Intén‘aca Resisting  Driving
Fric. Angle Farce Foice_ FS slide Comment
10 0.15 0.35 0.43 NO GOCD
15 0.24 0.35 0.70 NO GOOD
20 0.34 0.35 0.97 NO GOOD

25 0.44 035 126 oK

FINLCOVR.WB1







